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PREFACE 


' ■ 'iiis ton-book is an attempt to give the strident, from 
J- the outset, the benefits derived from the recent advance 
iif our knowledge of the nature of electricity. 

It^is claimed that, by realizing the properties of Nature’s 
unit—the Electron—the beginner can gain a more vivid con¬ 
ception of.eleotric pressure and electric current than was 
possible before the electron theory was formulated. 

The method of teaching, based on, practical experiment, 
that has proved to be useful throughout the series of manuals 
known as “ Experimental Science,” is continued here. 

Many youngstudents build up their knmvledfjh of electricity 
on*a foundation of thj;elementary principles of Measurement, 
Hydrostatifcs, Mechanics, Heat and ('hemistry, acquired (luring 
the first two or three years of a Secondary School course; 
thbse who do not possess this ground work, should add to their 
acquaintance with thqconcept of Energy, while reading the 
earlier chapters of the book. 

The Matriculation syllabus is covered f\lly by this volume. 
Practical work is carried to the standard of the Higher School 


Certificate, so that preparation for the second examination 
may be completed with only till aid of a few notes from tlje 
teacher in order to elaborate the tfioory of the Experiments. 

The chapter on the “ Generation and Practical Applications 
of Electricity," and the detailed description of apparatus, 
should appeal to technical School students’ and works’ 
apprentices. 


it is hoped that the last chapter will convey, td the'en¬ 


thusiast in “ Wiftless,” the essentials of the subject, although 
necessarily in a condensed lorm. 



vi Preface 

As 11 ? other books of the scries, a special feature has jje 
made of th# large number of exercises hppgnded to ea 
Chapter in addition to the worked examples in the text. 

In many*school laboratories, the benches are Applied wi 
current from the mains. This main current should alwa 
pass through a suitably high resistance. Whenever'the mq 
supply is »sed, the teacher should caution the pupils nev 
to touch the apparatus with wet hands, and himself eflsu 
that the connections are correct before the main current 
switched on. 

The writer is indebted to Mr J. M. Moir, M.Sc,, of tl 
Physical Department of the Liverpool Collegiate Schoc 
whom he cordially thanks, fordrafting the'last three-chapter 
preparing th^ Examples, and collaboration throughout i 
contriving experiments and in proof-reading. 

He also wishes to thank Mr T. V. T? Baxter, M.A., B.Sc 
Headmaster of Gotham School, Bristol, Mr A. Swithinbank 
M.Sc., Headmaster of Walton Technical ^School, Liverpool 
Mr H. Jennings, B.Sc., of Liverpool Gollegiate School, am 
Mr F. Fair-brother, M.Sc.. Headmastef ot Leighton Buzzarc 
School, who have again given valuable help and criticism. 

He would gratefully acknowleijgo the permission given by 
the following companies for the use of illustrations from theii 
books and catalogues: 

• Messrs Becker & Co., Lqpdon, Messrs Pye & Co., Cambridge, 
TRe Cambridge & Paul Instrument Co., Messrs Charles Griffin 
& Co., Publishers (Maps on p. 45), The British Thomson- 
Houston Co, Rugby (Figs. I*f, 155, 150), The Metropolitan 
Vickers Co., Manchester (Figs. 153,154, 181), The Ediswan Co., 
Neijfcastje (Figs. 151,159), and The Syndics of the Cambridfv 
University Press for diagrams from theirjmjdications. 

S.E.B. 
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EXPERIMENTAL 

•ELECTRICITY AND MAGNETISM 


CHAPTER I 

jslectSons, electric charges, electric current 

Electricity in the service of man is a distinguishing 
feature of the present age. The transformation of water-power 
and steam-gowey into the energy of tin; electric current, which 
in turn provides heating, lighting, magnetic and chemical effects, 
is familiar ?o everyone. Mountainous districts, such as Wales, 
Norway and Switzerland, furnish instances of tho heavy rainfall 
being utilized to store potential energy in the water collected in 
lakgs and reservoirs among the hills. Long pipe-lilies convey this 
wq^er to the valleys, where at a lower level the kinetic energy of 
rushing water is used IT) rotate water-wheels and turbines, which 
hand on “power” to the dynamos of the generating stations 
where a current oj electricity is produced. Copper cables carry 
tlSs electric current throughout whole districts to places where it 
is required for traction and locomotion (electric trailis and rail¬ 
ways), for working machines through the agency of electric motors, 
for welding, heating, lighting and cooking, tad for chemical uses 
such as smelting, elect roly si»*aml electroplating. 

The lightning (lash is one of tilt! manifestations of electricity 
in motion with which earliest man must have been familiar. We 
read that the ancients ascribed the*thunderbo!t to Jove as ( his 
peculiar weapon, but it is only in comparatively recent years that 
the tiniest electric spark and lightning have been shown to bo of 
the same order. 

3. The electron —the unit of negative electricity. 

The beginner often asks—what is electricity 1—wfiat if the 
electric current l*In*order to help us to answer these questions 
and to visualize what we can never hopesto see, #e must begin 
by an enquiry into the nature of matter itself. 
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Electricity andt Magfetimi [$fi. 1 


In our study of elementary chemistry, we learned that* (a) 
natter is made up of small particles called atoms (*indivisibles”) 
and (i) all atoms of the same clement have equal weights. This 
theory wasrformulatcd by John Dalton in 1804. Alter the lapse 
of a century, a series of brilliant researches by British, American, 
French and German scientists 1ms revealed that atom's are ngt 
indivisible Us was supposed, but are built up of particles which 
may prove to be electricity itself. At any rate it is now ^ield 
that electricity pervades all matter. There are recognized by the 
chemist approximately one hundred different elem£nts-*-l)ydrogen, 
copper, gold and the rest—any one of which is composed of atoms 
which in the so-called neutral or undcctrijied state resemble each 
other identically. 

An atom of an element in this unelectrified state may be 
imagined as mifde up of two kinds of matter each possessing an 
equal, but opposite, neutralizing charge of electricity: * 

(a) the nucleus, which is said to be positively charged, 

and {b) one or more negative units of electricity, called 

electrons. 


The term positive electron ia sometimes assign^! to the nucleus of th° 
atom, the other neutralizing particles being called negative electrons. In thi 
book however the word el|ptrons indicates the negatively charged particles only 

Although, as we have just said, there, are nearly one hundrec 
different chemical elements, i.e. there arc nearly one hundrec 
different kinds of positive atomic nuclei, yet there is only oru 
kind of electron . All electrons are identical 1 ; but each atomic 

1 Electrons are exceedingly small; their size relatively to that of the 
atom to which they are attached may be compared as the volume of an 
airship is to that of the earth. It ha|bpen calculated that 

(a) the raSius of an electron (assumed to spherical) <10“ w cms.; 
i.e. < °f the radius of any atom; 

1 • 

(i) mans of an electron = j—^ of mass of a hydr^jen atom s 

(ejl electrigcliarg^=l-G x 10'® i.n. anil [see $ 46]; 

(a) energy required to liberate the first electron from an atom 
= l#-* 1 erg. (appro*.). 
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2-3] Cond^ctors^and Insulators 

nuqjeus (+ ?e ) is capable of attaching to itself a 'definite number o i 
electrqps ^- ve unifs of electricity) which render the atom neutral 
or uncharged. This number is called the atomic number of fc^ie 
particular eminent. Thus a neutral atom possesses ty) a positive 
nucleus together with (6) its atomic number of electrons or units 
of negative electricity, e.g. 

A neutral atom = positive nucleus f atomic number x electrons ( - 

of hydrogen — „ „ of hydrogen 1 + one electron (- VB ) 

or copper = „ ,, of copper + twenty-nine electrons 

or gold •„ ,, of gold + seventy-nine electrons 

The atomic numbers are found by arranging the elements in 
the on|er of their atomic weights, thus: hydrogen, 1, helium, 2, 
lithium, 3, etc. 

( *3. Conductors and non-conductors (insulators). 

In § 1 we mentioned copper cables as carriers of electricity: 
we know that telegraph lines are made of iron or copper, that 
lightning conductors, telephone and electric bell wires, the “live 
rfil ” of the electric railway, and the overhead wire of the electric 
tramway are of eop|»ir, and that the metallic parts of» flash lamp 
or of a magneto convey electricity. On the other hand we have 
noticed that coverings of silk, cotton, indi^,-rubber, pitched and 
paraffinod fabric, and porcefciin are used to prevent the escape 
of electricity. Hence we may divide substances into two 

classes 

(1) conductors which cuuvoy electricity readily and -are 
chiefly metals and alloys of metals; 

( 2 ) non-conductors or Insulators (chiefly non-metallic 
substances) which prevent the passage of electricity. 

1 It is possible thsi the nucleus ol the hydrogen afcftn may*prov« to bo 
the positive oountergart ol the electron (unit ol negative electricity): but for 
the present we nay say that tbe unit ol positive electricity ie the oharge which 
la equal to that on the hydrogen nucleus and which neutSklises tbe charge 
of an electron. 


1-J 
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Electricity and f Magnetism [cfi. I 


' Conductors 

arranged in the ofder of their ability 

tototuluct electricity, i.e. 

in order of 

tlfcir conductance. 

• Metals 


Silver. 

100 

Copper . 

. 100 

Gold. 

. 75 

Aluminium ... . 

54 

Iron. 

10 

Alloys 

Gorman Silver... . 

7-5 

(Cu 60 °/,,, Zn 

Ni 14°/,,) 

Platinoid. 

rj 

(Cu 58, Zn 26, Ni 14 

W 2) 

Eureka . 

3 


(Cu (id, Ni 4(1) 


Non-conductor! 

or Insulator* <(Lat. insula = island) 
Glass 
Quartz 
Mica 
Hock 

Porcelain ami Stoneware 

Pitch 

Shellac 

Hosin 

India-rubber 

Vulcanite 

Paraffin 

Oils 

Silk and Cotton 
Wood 
Celluloid 
Pure Water 
Dry Air 


Partial or indifferent Conductor* 

Graphite, Gas Carbon, Carbon Filament 


4. Conduction and the Electric Current. 

The Election Theory helps us to picture to ourselves some of 
the conditions inside a metallic ring or closed wire, e.g. of copper. 
"We may imagine that the nucleus of each atom is more or less 
rigid and fixed, witn its 29 satellite electrons neutralizing its 
positive charge aud held in control by forces of attraction between 
the positive nucleus and the negative units or electrons. Some of 
the electrons, however, we may imagine to l>o but loosely attached 
to the nucleus. A small buf definite amount of work 1 liberates 
the first of these electrons, and by the expenditure of more 
energy others may he detached # ayd migrate to adjoining atoms 
whose electrons will now exceed the atomi^ number (29): these 
atoms will now be negatively charged: on the other hand the 
atoms that havfe loaf electrons are positively charged. EacT 
negatively charged atom will now be ready to part with an 

1 Conversely ,«by the ?«fr of ConservatiAi ot Energy, the sane amount of 
cork is done by the electron in returning to its atom. 
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flle^fron, which will not necessarily lx* the same’electroiT that has 
just egte|fHl tjie jftnin in question; and, in turn,"(well positively 
charged atom, is. with a defect of electrons, will be ready to 
receive any^Iectron which is loosely attached to tut atom near it 
or is wandering about unattached. In mufitls, it is supposed that 
such loosely attached or even wandering electrons exist, so that 
we may imagine transference of electrons taking jjlace by the 
casting off and absorption of these wandering or readily detached 
electrons. This ready transference of electrons is called con¬ 
duction. # We* may further imagine tin* introduction of a force 
which can direct the. migration in any part icular direction, and so 
produce a stream of electrons round the circuit. Such a force 
which causes a stream of electrons to move between and through 
the atoms in a definite direction is called an Electro-Motive 
Force, and the stream is called an Electric Current. 

*\Ve must imagine thyi that these Electrons (the ultimate units of 
negative electricity) are very much smaller than the atoms and the spaces 
between the atoms. The ttpeed of electrons varies but it is high, being com¬ 
parable to that of liglif. These minute particles, moving with great velocities, 
vTay be imagined as passing freely through the relatively large atoms and 
the spaces between thejn*; and we may suppose that, in a i^etallic ring or 
circuit, where the atoms readily part with and receive electrons, the stream 
may be caused to pass in a definite direction somewhat in the same way as 
water or air may be directed in a tube, or may surge to and fro as the pres¬ 
sure is increased or diminished irf various parts of the circuit. 

As there are forces acting not only between the nuclei and 
the electrons, but also between*tho electrons themselves, it,is 
necessary to assume the existence ot*an all-pervading medium in 
which the interacting stresses and strains are communicated. 
This medium we call the ether jf space. 

Unattached electron* repel each other with forces acting 
radially from their centres (assuming the electrons to be spherical) 
""through the ether which surrounds them Ivlong‘lines Which are 
termed “ Line. «of.Electric Force.” We may imagine then, 
that, owing to this rautuil impulsion among the electrons* efcdnc 
preimre, or potential os it is calle^, exists, comparable to 
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hyarostatic premtoe in a gas. The analogy of small rubber Ijalls 
packed tightly*irjfco a bag or squeezed in a strftam, against resist- 
tfifce through a tube will help us to understand these repelling 
forces betvveevi electrons. Bach ball repels its neighbors and the 
outer balls fend to burst through the bag or tube. 

5. Non-conductors or insulators. It is assumed thrft 
in non-conducting substances [see Table, $ 3] electrons cajinot 
move freely, if at all, from atom to atom. Hence a covering of 
insulating substance round a wire prevents the escape of electrons 
somewhat in the same way as the tube mentioned above prevented 
the escape of the.rubber balls squeezed through it. r 

0. Exp. To show that electrons rape! electrons, but attract atoms 
deprived of electrons. 

i 1 

(i) Brimh a piece of warmed dry brown paper with a dry clothes-brujh ; 
the paper adheres to a dry wall for some considenable time. On the electron 
theory outlined above the explanation is as follows: the work done in over¬ 
coming friction between brush and paper separates some of the electrons 
from fchoir atoms, and transfers electrons from bruslr to paper; the papfr, 
previously neutral, is now super-charged with electrons, i.e. is negatively 
electrified ; tht atoms in the brash, on the other htnd, have lost electrons, 
so that the brush is positively electrified. 

(ii) Suspend a mual/wire stirrup from the insulating stand shown in 
Fig. 1 [tafer to Table of Insulators, § 3]. 
Two spills of warm dry paper are briskly 
brushed with a warmed clothes-brush: one 
of the spills is then placed in the‘stirrup : 

*on bringing the second piece of paper near 
to the suspended spill the latter is repelled, 
but it is attracted by the brush, or by the 
hand 6r any unelectritied (neutral) object. 

(1) mepolaioii is explained by assuming 
that both spills are charged with an excess 
of electrons—“like charge* repel eaflF* 
other.” 

(2)' Attraction is«cxplained by suppling that the excess of electrons 
on the paper (the negative charge): 



* paraffin block 


•Fig. 1* 
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* I , • 

(a) attracts the positively charged atoms on the brush; 

^b) in the case of the hand or any unelectrified oBjeet, repdls eleotrom 
from §ear atomS to the more remote parts, thus leafing the near part 
positively charged—“ unlike charges attract each other,” the 4v< 
" unlikes’’^endeavouring to combine and restore the uncharged or neutra 
condition. A this way the adhering of the brushed pap(!V # to the wall i 
expl%ined. 

Bzpi. (i) to confirm the above theory; 

(ii) to illustrate the terms 

(<;) Induction, 

(//) induced charge. 




In FiRS. 2 a, b, c, B and C are U% insulated metallic spheres 1 *eacl 
having a small hole or metal ring at the top. 

IF is a wire connecting Ii and C which may be lifted off quickly by meani 
of a shellac-coated glass rod, R. • 9 

»A is the insulate^ and suspended spill, negatively *charged {i.e. with 
electrons in excess). 

In Fig. 2 a the upelectrified but connected spheres^ are pimped so that B 
is brought near £o A. Attraction is noticed between A and B * because 
1 Wooden balls covered ^rit^ tin-foil serve the purpose of metal spheres. 
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Electricity and Magnetism [eg. i 

c 0 I * 

electrons in *the sphere system B and G are repelled so that there is an 
excess of electrons dh C and a dearth of them on B. The negatively charged 
body A and the positively charged sphere B now attract eaph ot^er ^n order 
tocproduce, if possible, a neutral condition. 

• In Fig. 2 b the effect is shown of bringing near to C njamjcr piece of 
paper, brushyj briskly, and thus highly charged with ellctrons (-"). 
Electrons now rush along the conducting wire IF and crowd in cxces^on li 



so that B is negatively charged: repulsion occurs between A and B, both 
being negatively charged; the stresses and strains in the ether are indicated 
by the dotted “lines of force." Quickly lift off the wire H' by means of fhe 
glass rod R (Fig. 2c). A and B still repel each father, and on replacing B 
by C thore is a stronger attraction between A and V than when the uncharged 
spheres were used at. shown in Fig. 2 a. Next bring B and C into contact 
and note that together they attract .1, just as any other Uncharged body doe/r. 

This method of chargiug the two spheres respectively (1) with excess of 
electrons (negatively), (2) with electrons in defect (positively) is called induc¬ 
tion : D is called the charging body (in this case negative ); an opposite 
charge is Induced at the/ieur end of the insulated system and a like charge 
ip induced at the remote end. The two oppo^te charges neutralize each other, 
for on removing I), the insulated system is still uncharged. This shows that 
tiro equal but opposite charges are induced at the same time. 

Additional Exp*. A. Try the effect of substituting for the electrified 
paper • (D) the foliowiug: 

(1) Sealing wax rubbed mth flannel. 

(2) Glass ,, „ silk. 

(i) The sealing wax behaves as tbepaper did, but more markedly— 
electrons are in exoeBS on the sealing wax ; it is negatively charged, (ii) The 
glass is posilively charged. 

B. Repeat the experiments, placing charged rod^, of sealing wax and* 
glass Buooessively in the stirrup, and substituting for D pther charged rods 
of sealing wax and glass, Reoord your observations carefully and 
own deductions. * 





6-7] The Electroscope 

• 

7. The Electroscope is an instrument gfor dieting tht 
prd&ence and nature of small charges of electricity. It may lif 
readily aful inexpensively made hy tlm students themselves. «U 
consists oiau insulated brass strip or thick wire Mi, bent in the 
form shown*in Fig. 3. A brass knob (A') or an open nvotal can (C) 
mayjie tilted to the end A. At F a flange is soldered. At the 
bend D a strip of gold or alu¬ 
minium leaf (0) is attached by a 
thin coating of seccotine, care 
being taken to preserve metallic 
contact between the rod and the 
leaf. The Ifcaf of the electroscope 
is protected from draughts by 
supporting it in a glass tattle, 
the metal rod A FI)II being held 
by the flange which rests on an 
insulating plug of parishn wax or 
on a half-split cork previously 
well soaked in melted pa ratlin 
\Hixb The instrument is ren¬ 
dered more sensitive *by cement¬ 
ing a strip of tin-foil TI\ on the outside and bottom of the glass 
vessel, opposite to the leaf (O'). \ 

Exp. (i) To charge the elfetroecope with excess of electrons (i.e. 
negatively) by contact. 

(1) # Touch the knob (K) by (a) farmed paper that has been brushed 

with a warm dry brush ; ( b ) a stick of ebonite or sealing wax rubbed with 
flannel: or * 

(2) Replace the knob (A*) with the can (l’) into which may be placed the 
brushed paper or the rubbed sealing wax. The insulated metallic part of the 
electroscope is now charged with excels of electrons and, as they repel each 
other;-the light leaf (G) lends to fly away from the rod DU : the electroscope 
ig said to be charged negatively. 

1 The insulation by means of paraffin wax must be as perfect as possible: 
it is well too to coot tly» glass inside and out with shellac varnish (paint or 
wash with shellac dissolved in nythylated spirit) which prevents the deposit 
of a thin film of moisture on glass. 



Fig. 8. 
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A 

“BarqUAg." IJotice that if wo touch the electroscope the leaf falls; it 
is said to be discharged or earthed, i.e. connected to the earth. We maj^con- 
slder the Earth to be a huge mass of neutral atoms intfl which elfctrjns may 
Idbape from a negatively charged body or from which electrons may be drawn 
t8 any extent yithout affecting the neutral condition of so large a quantity 
of atoms. Compare “eea-level” with this neutral "earthA” condition; 
water pumped into or out of the sea does not materially affect the Ipvel of 
the ocean: similarly the earth is a huge reservoir whose neutral condition 
is not affecteij by addition or removal of electrons. 

Uxp. (ii) To charge the electroscope by induction. 

(i) Positively. Having “ earthed ” the electroscope by touching it, bring 
near to the knob (A') a rod of sealing wftx or ebonite 
previously charged with electrons (negatively) by frio- 
tion with flannel. The leaf (0) rises because a certain 
number of “ free" electrons are repelled into it, leaving 
the region near K with a defect of electrons, i.e. positively 
charged. (Fig. 4.) Now touch K with the hand, thus 
* “earthing" a number of electrons corresponding to those 
that were driven into the remote parts OBI). Remove, 
firstly, the hand, secondly the*rod: the remaining “free” 
electrons now distribute themselves uniformly over the 
metal of the electroscope, which having a defect of 
electrons is positively charged. r 

(ii) Negatively. We musfr substitute for the sealing 
wax roil above a positively charged rod, e.g. glass rubbed 
with silk. Try this, and also the effect on the leaf of 
brining (1) positive, (2) negative charges near K when 
the electroscope is charged (a) positively, (b) negatively. 
Record and explain ycur results. 

a 8. Exp. To ahow th^t when electrons are separated 
tram atoms the latter constitute an equal but opposite 
quantity of electricity. 

We must constantly bear ill mind that when “ electricity is 
generated,” no new substance is created—it is merely the act of 
aeparption of eleftronssfrom their atom8. 

An electroscope, provided with a can (Fig. I) or connected to 
an insulated can, is Hr|t used unchaftred. 



Fig. 4. 
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An ebonite rod K, fixed in a clamp (Fig. 5),«a then titftid with 
a Uhnnel cap wliich may be rotated round the*rod by pulling 
alternately two insulating silk threads wound in opposite direc¬ 
tions roun^.the cap. By the work ifc>ne in overcoming friction, 
electrons are separated from atoms and 
thei* electrons congregate on the ebonite, 
but aro not separated widely from the corre¬ 
sponding positive nuclei on the flannel 
until the cap is removed. Place the two 
(cap and jod), before separating, into the 
can of the electroscope: combined they 
show no charge. Next pull off the cap 
by thg insulating silk thread and show 
by the electroscope (previously charged 
+ F 1 ’’) that each is charged with electricity, 
but the cap +” ,r and the rod Then 

place the cap, by holding it with the silk 
thread, into the can of the uncharged 
electroscope—the leaf rises; and lastly put the ebonite rod into 
the can as well as the cap—the leaf falls. Make your deductions 
in each case. 

9. Relation between inducing aqd induced cbarge*. 
(Faraday’s Ice-pall Experiment.) 

We have already shown in § 0 that, when a charged body 
is brought near an insulated cgnductor, two equal but oppo¬ 
site charges are separated by4nductlon on the conductor. 
This may also be proved by means of the electroscope fitted'with 
a can ( C) and at the same time that each induced charge is 
equal to the inducing charge when the body holding the 
inducing charge is •practically surrounded by the insulated con¬ 
ductor. Incidentally we can also show thpt the charge resides 
on the outside! of an Insulated conductor. *Thifi latter 
statement naturally follows from the property of electrons, vis. 
that they repel each ot&er. 
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IIxp*. Vischargesthe electroscope by touching it (“earthing” it). A brass 
ball, insulated bg suspending it with a silk thread, is charged negatively 
dv)» u ' with electrons, by touching it with brushed paper or*ebcflutc (or 
sealing wax) rubbed with flannel. 

(t) Lower^fie - rel > charged Sail (It) into the can 1 (C) but whhout touching 
it (Fig. (>): the leaf rises with tlje in¬ 
duced charge of electrons. On removing 
the ball the leaf fails, showing that the 
electroscope is still uncharged (i.e. neutral). 
Lower the ball again into the can and 
let it touch the bottom r the leaf has 
risen, but it rises no farther when contact 
takes place: remove the b^ll and show 
by means of a second electroscope that the 
ball is now uncharged, i.c, its electrons 
have neutralized the equal but opposite 
quantity of electricity induced , or sum¬ 
moned, on tin* inside of the can opposite 
the ball. Also, sinco the ball on remofal 
from the insidO of the can is found to be 
uncharged, it is evident that the electrons 
have repelled each other to the outer 
limits of the insulated conductor. • 
(ii) Again lofrer the - kel > charged hall 
into the can, but !io not let it touch the 
can: the leaf rises with the induced 
charge of electrons: touch the can mo¬ 
mentarily with the linger—-the leaf falls: 
withdraw the ball without allowing it to touch the can—the leaf rises: next 
allow the ball to touch the can—both a the ball and can ate now found to be 
ditciiarged. 

A Restatement of the deductions from these experiments is useful: 

(a) A charged body brought near an insulated conductor causes a separ¬ 
ation of electrons from atoms by induq^ion. 

(f>) Electrons Are repelled from or attracted to the inducing body accord¬ 
ing as the latter is charged - or re, ». 

1 The experiment is often called “raraday'e Ice-pall Experiment," 
because the can originally used by Sir Michael Fttracny, when he first 
demonstrated theqp foots %bgut the year 183#, was an insulated ice-pail con¬ 
nected to an electroscope by a wire. 
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(c) The inducing and induced charges are equal, but of opposite sign, 
and together they neutralize each other. 

N.B. The can or “ice-pail” is supposed practically to surround flie 
charg^& insulated ball. 

(d) The charge resides on the outer surface of a conductor. 

■ 

10. Recapitulation to assist in visualizing tho fi Elec¬ 
tric Current.” 

The results of recent discovery enable us to gain some insight 
into the properties of conductors of which the best are pure metals 
[see Table, $ 3]. Tt is now believed that electrons move freely 
among the atoms of metals. If we could isolate a single neutral 
atom of a metal, we should probably find that its electrons 
(numbering to nearly 100 according to the atomic number of 
tin* particular metallic element considered) revolvgin paths round 
a nucleus. We may imagine that the atom is not solid matter, 
but a system of mattef arranged in some mathematical form, the 
motion of the electrons in their orbits lx;ing comparable to that 
of the planets in the solar system. In an aggregate of atoms 
composing the metal^ the spaces between the particles may be 
considered to be veiy great, so that electrons may p/fss somewhat 
freely through the atoms without more than slight probability of 
collision either with the nucleus or with tVe satellite electrons. 
We can further imagine that one or more electrons may fly off or 
be removed from an atom and travel for some distance, passing 
through several atomic systems before colliding with or attachyig 
themselves to other atoms, much in^lie same way as cometsjpass 
right through our solar system or are absorbed into it. We can 
also imagine that as electrons are added to an insulated conductor, 
there is immediately an “increase of pressure,” of electrons 
throughout the whole metal; and that if now the conductor is 
“earthed,” by touching it with a wire helcfrin the hand> electrons 
flow along the wjre^to the earth until the pressure is restored to 
the normal or neutral conation. We call this fl^w of ejectrons 
through the metal an electric current. 
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Questions on Chapter I 

• fl. Criticize the statement “ Electricity is a form of Energy . h Mention 
various types of energy and describe briefly how they are mutually convertible. 

2. Define‘element, atom, electron. 

What do you mean by the statement that a body is electrically charged, 
and how would you show in a simple manner the existence of two kinds of 
electricity? • <i 

3. What are the fundamental facts of attraction and repulsion of electrio 
charges, and describe any experiments you would perform to illustrate them ? 

If electricity of one kind is produced, how would you show that an equal 
quantity of the opposite kind is produced at the same time? 

4. A piece of ebonite is rubbed with flannel and then brought near to 
some small pieces of paper. Explain, on the Electron Theory, the fcharging 
of the ebonite and the subsequent behaviour of the pieces of paper. 

5. Define coudhctor and insulator. 

Mako a list of the common substances in the room in the order of ttfoir 
conductivity. 

6. What is an electroscope? What special precautions would you take, 

in constructing one, to prevent leakage of electricity ? , 

7. Devise uractical experiments (a) to electrify a brass tube by friotion, 
(6) to test whether its charge is positive or negative,'(c) to show there is no 
charge inside the tube. 

8. How would you charge un electros^pe (a) positively, (ft) negatively, 
using a glass rod ? 

9. Explain the term “induction.’* Two exactly similar electroscopes 
haue their caps connected by a wire and a positively charged body is brought 
nearithe cap of one of them. Compare and explain their indications. 

If the wire be now removed by means of an insulating handle, and then 
the charged body be also removed, what effects will be observed in the 
electroscopes ? t * 

• 

10. Describe oarefully Faraday’s Ice-Pail experiment, illustrating the 
▼arionf stages of the experiment by diagrams showing the kinds of electrifi¬ 
cation produced. Carefully .abulate your conclusions. 

11. A^n earth^jl conductor is held near a charged hollow conductor. In 
what position must it be placed to obtain the greatest induced charge? 



CHAPTER II 

HYDROSTATIC RELATIONSHIP BETWEEN CURRENT, 
PRESSAND RESISTANCE. fl’HE ELECTRIC CELL 
n- In § 4 wo called the force that drives electrons in » 
definite direction through a conductor an electromotive force, 
the difference in pressure exerted by electrons in various parts of 
the Conductor we called difference of potential 1 , and we drew 
an analogy between electric and hydrostatic pressure. Let us now 
try to fln&by experiment whether, when water flows through a 
tube, there«is any relationship between the (1) Current, 
(2) Difference of Pressure and( i) Resistance in the tula?. 
Demonstration. We measure Current [C] by the quantity 

of yator delivered in a definite time 

* We measure Pressure [P] at a point in the tube by the vertical 
height of a column of water at that point. 

And we can alter tiesislanee [A*J by ( a ) varying the cross- 
sectional area [A ] of the tube, ( b ) varying the length of the tube 
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[£], (c) altering the packing in the tube, e.g. small glass brads, 
sand, glass wool, where resistance depends on the qualities of 
e^ch particular substance [A']. 

Set up life apparatus as'shown in Fig. 7 which etylains itself. 
B, //,, B 9 is a horizontal glass tube (loOcrns.) tightly packed,,with 
small glass beads and connected to a cistern where water is 
maintained^it a constant level. Tho outflow of water is regulated 
by the tap T. At B, A,, IL vertical glass tubes are fused on to 
the main tulie, the pressure being measured by noting the heights 
of the water-columns, differences in level indicating differences in 
pressure: • 

thus, l\ measures the difference in pressure between Z> and B x 
and l\ „ „ li l And B 2 . 

We notice that when the current is steady, i.e. when the tap 
T is adjusted so that equal quantities /low in equal times, the tops 
of the columns are in one straight, line, winch itself indicates the 
slope or gradient of pressure of the water within the tube. We 
vary the pressure gradient by raising or lowering the shelf (S) 
thereby altering the “head of water.” i 

The following table gives tho result of a*series of observations 
of pressure and current. * 


fl 

.2 Prewar* { /') = difference 
* ■ in press. between points 

li and it, us measured by 

J j difference in heights of % 
O* ! water-columns 

i : 

Currefft (0) = vol. of j 
water delivered in o 
mins., the gradient j 
of*pressure remain¬ 
ing constant during 

the time C’=~ 
t 

„ . Pressure 

Ratio -- - 

Current 

= Constant 

l. 

26*0 cins. ] 

9 * 

340 cc. per 300 |pcs. 

! ^ 6 

s. . 

• 28* „ • 

390 „ „ # 

i S-* 

8. 

29 0 

• 

400 „ 

j 

4. 

31-0 „ .. 

430 

1 Xt 
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J^t us examine these observations to find whether there is 
any sivpla relationship between Pressure and Current, the Rcsinf-, 
once 1 of tap and tube, when once adjusted, being kept conslaiU.t 
From tbs*experiment we make tin! deduction thS^ assuming 
the Resistance to be constant, the Current ll proportional to 
the Pressure difference. 


Resistance. If the tap T is opened or closed slightly, the 
resistance is correspondingly lessened or increased. 

Bxp. Take another series of observations, having altered the ltesistance, 
i / PresHtireX 

The above constancy of relationship f J still holds good, but the ratio 

P/C varies with rise or fall of the Resistance. 

Wenmy therefore use this rationsa measure of the resistance, arul 
we shall define resistance as the ratio of pressure difference 
to ourrent provided that the conditions remain cosi.Htunfc. Hence 


Pressure Difference 
Cuirent 


= Resistance. 


12. A Closed Circuit. In the experiment wo have just 
performed we allowed the water 
.to run to waste; might, 
however, have maintained the 
pressure by returning the water 
flowing out through T to the 
water in the cistern A, either by 

(а) actually lifting the outflowing , 
water to the higher level or 

(б) working a pump in a tube 
joining the out-flow and in flow 
cistern. In each case work musf • 
be done to maintainable flow. Fig. 8. <^, Water M5ter. W Centri- 

. n. fugal Tump. ,S, Stop-watch regu¬ 

lf the water used is contained in tering time in Blonds (Q, 

1 It ia extremely <yfflcult to maintain a constant resistance if the current 
is varying; cross currents and eddy currents set gp between the beads 
interfere with the main current: ^bod rosults are obtained pfbvjded (hat the 
beads are very small and variations of pressure ay not too great. 

B.S. 
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one continuous tube, the system is called a Closed clrcul^ and 
ipay be diagraminatically shown as in Fig. 8. • t 

, The Pressure Difference (/’-/») is maintained by the centri¬ 
fugal pump,"which is working at such a rate that IFeanits of work 
(say) are performed by the current, between A and B in the 
external circuit, in t secs. The quantity of water Q passing 
through tiro circuit is measured by the meter: the current (C), i.e. 


quantity per unit of time = 


Q 

t 


a. 


Then (1) 


II,, 


Pressure Difference P-p 
Current Qjt 

where H, = resistance of external circuit between A and B. 

(2) Work done (IF)-Quantity xPressure Difference -tj(P-p). 

(3) Power of the external circuit -- Kate of doing work 

° = Work done per unit of time 

QU’-V) 

t 


C'(P-l’)' 


-Current x Press. Difference 1 . 

Important Note. , 

The pressure difference between A and Ji, i.e. (/*-/>), will 
not measure the real pressure (E) exerted by the pump, as 
this pressure difference will act in the opposite direction to E 
within the pump. In additioi^ the pressure E will have to 
overcome the internal resistance of the pump. Hence 
Actual Pressure exerted by pump E n 
/ Current* <j/‘ *' + r ' 

where r ■- internal resistance of pump. 


13. A Closed Electric Circuit. 

If in Fig, 8 we substitute : 

(a) for the pump an electric cell or battery of cells [see 
§ 19], a \Iynamo, or 6ther generator of an electric current; 

(b) for the tube a wire or system of .wires, electric lamps, 
eleotro-magnrts anh motors connected By wires [external circuit] ; 

1 Cf. Y^attssAmptresx Volts [§ 80]. 
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for the pressure gauge an instrument called a voltmeter 
[see § whicli measures difference of electric pressure, i.$. m 
potential difference [ P.I>.] or Voltage, in units culled volts, 
(d) for tltb water meter an instrument called an ammeter [seo 
§ 47j, which measures electric current, i>. quantity of electricity 
passing a point per see., in units called amperes; 



1 rWUVVWy V V\f\jtp 


A 


-mOAAH 


Fig. 9. AH, Battery of Cells or Generator of Electiicity. Am, Ammeter, 
pleasures tiie Current in Ampdres. V, Voltmeter, mcaMimi the r.i>. 
in Volte, ff,, Assistance of ihe circuit, apart from the Battery, in units 
Called Ohms; r, Beeistance of the Battery in Ohms. /{ = /{, +r= Total 

Beeistance of the circuft in Ohms. 


and if we called the external resistance of the circuit R,, 
indhsured in units called Ohms, we cun draw another diagram 
(Fig. 9) and continue,fhe analogy between lluids aw^ electricity 
still further. In addition we shall find that the relationship between 
pressure , current and resistance , which undef certain limitations 
holds good in hydrostatics, may be generalized for electricity in 
the form of a law [Ohm’s Law]. 

In 1 we established the hydrostatic relationship 


Pressure Difference # 
Quantity delivered in unit time 


Resistance, 


i.e. Current ~ 
which in electric terms becomes 


Pressure Difference 
Resistance ’ 


(i) for the external part of circuit between A and B 
Potential Difference, Vd. - 
Resistance Il x * 


Current = 


2-2 
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(ii) for whofe circuit (see note, end of § 12) . 

„ * Electromotive Force of Battery E. M.r. jR 

uuen i'otul Ilesistance of Circuit W, + r if’ 
whore resistance 6f externa] circuit, ' c 

r= „ internal „ 

S ~ if, + r - total resistance of circuit. 

This equation expresses Ohm’s Law which states that the 
current in a circuit varies directly as the electromotive force (if. M. F.) 
and inversely as the Remetunce of the circuit. 

Important Rote. (cf. p. 18). • 

If a current is flowing through the cell and on external 
circuit, the e.m.f. of the battery is NOT equal to the P.D. 
between the plates of the cell; ns this p. i>. and the K. M. F. 
will work against each other inside the cell. 

If, however, the cell is on “ open circuit,” i.e. no> cur¬ 
rent is flowing through the cell, the E. M. F. of the cell is equal 
to the p. u. between its plates. 

Let us now describe the instruments mentioned in the last 
paragraph, and at the same time explain, as fur as is possible at 
this stage, the terms used and note also the various effects of the 
electric cufrent. 1 


14. Electric Cells. 

The Voltaic Cell [Voltn-^talian physicist 1745-1827]. 


A rod of pure Sine and a atrip 



(a) the ammeter records the 


Copper foil (Fig. 10 u) to which wires 
are attached are placed ia a beaker 
of dilute Sulphuric Acid [1 part acid 
to 9 parts water], great care being 
taken that no metallic contact takes 
« place between the Zinc and the 
Copper ^ither inside or oat of the 
acid. No effervescence takes place. 
Touch the ends of the wires to* 
gether and also connect them 
through fe fftitable ammeter (Fig. 
HO &) and note that— 
ige of an electric current; 
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(6) bubbles of hydrogen appear on the copper foil 

T^arr^ngement of Zinc and Copper plates in a vessel tontaining dilute 
sulphuric acid is called a simple Voltaic cell. 

Exp. fed show that in a Voltaic CeU (Fig» 11) 

(i\ electrons accumulate on the Zinc plate, which 

consequently becomes -Wy 
charged and 

(ii) the Copper foil be¬ 
comes *- w ' l - v charged. 

In our ’experiments on 
the voltaic cell no chemical 
action is observed to take 
place when a zinc plate and 
a copper plate arc placed, 
without metallic contact, in 
a dish containing dilute sul¬ 
phuric acid. Hut a very 
important electrical change 
hSd taken place which can 
be verified by experiment, 
viz. that owing to a partial 
solution of the zinc, electrons 
have accumulated on the zinc* 
plate, causing a prermre difference, lietwecn the zinc and the 
copper. This pressure differencc.(al>out T08 volts) corresponds 
to the pressure exerted by the centrifugal pump in J 12. On 
completion of the cirmit by a copper wire a current of electrons 
flows from the zinc to the copper along the wire, returning by 
way of the solution. This predki»e difference, which exist* even 
whilst the circuit is incomplete, is known us the Electromotive 
Force (E.M.F.) of the cell when on “qpeu circuit,” and is a 
measure of the “ driving power ” of the battery. 

The energy necessary, to^ produce the elgctron-flow (current) 
when the circuit is completed is provided by Siemimt action 
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within the 1 bntUyy (in the voltaic cell by the solution of zinc in 
sulphuric acid.). 

Note on amalgamation And local action. 

Commercial zinc is used in -batteries because it is much, l6ss expensive 
than pure zihe. The impurities found in commercial zinc are carbon and 
arsenic in minute granules, which in contact with zinc act as the copper did 
when the plates were joinod in the voltaic coll. This contact or coupling of 
zinc with carbon (say) causes immediate solution of the motal. This local 
action, as it is called, may be prevented by covering the zinc plate faith a 
layer of mercury which is effected by scrubbing the plate with a mixture of 
mercury and dilute, sulphuric acid. Mercury dissolves zinc, but not the im¬ 
purities, and forms an amalgam, so that pure zinc is presented to the acid 
solution in the battery: the zinc plate is then said to bo amalgamated, 
and no general solution of the metal takes place, except when the circuit is 
completed. * 

Demonstration. A single voltaic cell does not. possess suffi¬ 
cient K. M. F. foi*the purposes of this experiment: we must multiply 
the pressure by linking a dozen or moro,.cells in series, by 
making u chain or series of cells (Fig. 12) in which the copper foil of 
any cell of the st-ries is joined to the zinc plate of the next cell, 
so that the e.m.f. of each cell in the succession is added to th.lt 
of its neighbour. Thus if E represents the*K. m. f. of one cell in a 
battery of ri cells joined " in series,” the total E.M. F = nE. 

In order to collect a large number of free electrons from the 
zinc or negative pole of the battery^the terminal is connected by 
a wire X to the lower part of a condenser D joined by a wire 
IF to an electroscope. If the lower plate of D actually forms the 
phite of the electroscope $ the instrument is called a con- 
defiling electroscope. A condenser is a kind of reservoir 
for electrons: it consists of two larye flat plates of metal (brass) 
separated and insulated from o*ch other by a piece of paraffined 
paper , the loVer plate being supported onuin insulating stand; 
the larger the area of # the plates the larger the capacity of the 
reservoir or condenser Incomes, and the capacity is still further 
increased by “ earthing ” the upper plate, fAttach the wire, Y , 
to thecas pijle.] In Fig. 12 the cofidenser is shown in vertical 
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section, the upper plate being joined to the copper (■#") pole by 
the %ire Y, and the lower to the zinc (-”) poJj\ and to the 
electroscope as described above. Electrons (low into the lowjr 

/.II I u Zn ( u /.i, I n z„ 
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Fig. 12. !.• Touch here and break contact. 



■iiinliiiK staml 


Raise top plate of condenser. 
3. Nop* rise of leaf and that electroscope is negatively charged. 


plate of I) which l>ccoines negatively charged, and an equal hut 
opposite charge is held hound by induction on the upper plate. 
(1) Break contact with X (see Fig. 12), no change is seen in the 
electroscope until (2) the upper plate is raised, wjien (3) the leal 
of the electroscope rises and is found to he charged negatively 
[see § 7], owing to the*in-flow of electrons from the zinc pole of 
the battery. 

• The cells in Fig. 12 are joined In Miles. Fig. 13 shows a battery of i 
voltaic cells joined In parallel. The term in parallel or in multiple arc if 
used when all the zinc plates of a battery are joined by wires, nuking virtually 
one large zinc plate; and, also, all the copper plates are joined thus in 
creasing tho size of the copper plate, the whole battery being now one large] 
cell of the same k.m.p. as hefo^p, but with less internal resistance to tin 
passage of electrons [see § 1CJ. 



15. Terms pnd Conventions. 

Unfortunat^y the term positive (-t-™) pole had been givei 
to the terminal of the copper plate of, tne cett and the tern 
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negative' pole to the terminal of the vine plate long 
before the existence of electrons and the electron-flow was kpflwn. 
Jjiese terms were assigned arbitrarily, and as a consequence the 
positive direction of the current in the wire .outside the 
cell from +V ‘(copper) plate to —" (zinc) plate was also determined 
on arbitrarily. 

The direction of the current may lie remembered by the 
mnemonic “ zINc,” which indicates that in the cell itself the 
direction assigned to the current is from zinc to copper [or carbon] 
plate. 

We now know that the actual direction of the'electron* 

flow is contrary to the arbitrarily chosen direction oj 
current. Electrons only How from the + v *‘ (copper) plate to 
the - ve (zinc) plate within the cell, i.e. in the solution. 


16. Theofy of the Voltaic Cell. 

It is supposed that the molecules of pure sulphuric acid 
(H s S 0 4 ), themselves neutral, dissociate on being dissolved in 
water into two kinds of ions (from Greek = “goers” or 
“travellers”) charged respectively positively and negatively.. 
Thus one molecule of sulphuric acid dissociates into two liydrions 
positively charged, cajh with one electron (r) in defect, and a 
negatively charged mlphion carrying two additional electrons. 
The dissociation may bo represented thus 


HiS0 4 


IT - c 
H-t 


SO. 


+ € 
+ « 


neutral positive negative 

nlolecule ions iona 

« ' 

Using pure zinc and copper plates in .the cell containing 
dilute sulphuric acid, no visible reaction occurs and no current 
flows, until the Circuit Is closed, when chemical action, necessary 
to maintain the electron-flow which produce® the k.b.f., begins. 
The - v *«ulphioas, on touching the zihe, combine with it to form 
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zino sulphate (ZnSO,), thus setting free their •electrons, which 
are ^ipelled by the pressure already mentioned through the 
zinc and along the connecting wire.towards the copper plate, 

Zn + SO, + - ZnSO, + 2e, 

+ e 

In the meanwhile, in the solution adjoining tho copper pi 
two # hydrions, 2(H —t), for every sulphion combining \ 
zinc, receive two of the freed electrons (2e) and so becom 
molecule of neutral hydrogen (H.,); thus a stream of electi 
continues irf the connecting wire and round the circuit as lonj 
zinc dissolves. 

17.' Polarization. The accumulation of hydrogen round 
the copper plate impedes and even altogether prevents tho 
paslage of electrons. This process is called poldHsation. It is 
supposed that, when tl\p hydrogen accumulates, hydrions do not 
at once give up their charges to the plate, but form a layer or as 
it were a new “plate” of positive electricity alongside the copper 
plate and prevent, by their repulsion, the arrival of further ions, 
thus constituting a sew electric couple which tends to drive 
electrons back, i.e. in the opposite direction to the original flow 
caused by the solution of zinc. This back E.M.F. is chiefly 
responsible for the falling ofl^of current; but polarization is also 
due to the insulation of the copper plate by the non conducting 
bubbles of hydrogen that accumulate [p. 27]. 

To maintain a steady- current, it is therefore necessary fo 
remove the hydrogen, either by 

(i) mechanical means, e.g. pushing with a camel-hair brush; 
or (if) chemical (neaps, e.g. adding to the battery solution a 
strong oxidizer, called the depolarizer [2J3 + 6 - H,0],suchas 
chromic oxide (CrO,). Nitric acid (HNO,) and black oxide 
of manganese (JtnO,) aye also used undet certain conditions 
[§§. 18, 19] as depolarizers, 
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Demonstration to illustrate Polarization and the 
action of Depolarizers. 

*** Two voltaic cells are connected “in series” by thick copper 
wire with (L) a “demonstration” Voltmeter 1 measuring electric 
pressure uj* to 3 volts; and 



(2) a “demonstration” Ammeter measuring current to (say) 
2 amperes. 

The vires are arranged as 
in Fig. 14 so that by means of 
a “two way plug” or “switch” 
?Fig. 15) 2 (a) the voltmeter, or 
(h) the ammeter, may be in¬ 
cluded in the battery circuit. 
A voltmeter consists essenti¬ 
ally of a coil of very fine wire 
presenting great resistance to 
the current and a magnet 
attached to the pointer: an 
ammeter is fitted with a coil of 

1 See that the + T * pole of the battery is connected to the +” terminal of 
the voltmeter and of tty ammeter. 

* Fig. 15 is #plug commutator [see § tA], but it may be used as a “two 
way plug" by joining (say) ^ie left-hand pair of terminals by the battery wire. 
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thick wire which allows electrons freely to pass round the circuit. 

(i) yn l voltage before the ammeter has bcCh put into the 

circuit by joining s to v, then switch the current through A B/ 
joining e a rapid falling off ot current will be observer*: 

record this and the time occupied. Then switch V in’eireuit and 

(ii) nbte also that the voltage has fallen considerably. Next, using 
a camel-hair brush, remove the buhUee of hgdrogen that have 
collated on the copper plate and (iii) note the rise both in pressure 
and current. Finally short-circuit the buttery once more through 
the ammeter until the current and voltage have fallen: then add 
to both cells a strong solution of chromic acid (a depolarizer) : 
observe that the hydrogen bubbles soon 
disappear and that both voltage anti cur¬ 
rent are restored to theiroriginni strength. 

*18. Single Fluid Cells 1 . 

(1) The Voltaic Cell | $ Uj k.m.k., 

Voltage or Terminal p.n.-. IT Volts app. 

(2) The Bichromate (or Chromic 
Acid) Cell [k.m.f.-=2*1 Volts] consists 
of a zinc plate connected to one terminal 
(the - VP pole) and, on either side of the 
zinc, two carbon plates connected to a 
second terminal (the + ve poll*) [Fig. 16]. 

These plates are immersed in dilute sul- 
phuritmeid in which crystals of potassium 
bich romate, or better still chromic a£id, 
a strong oxidizer, have been dissolved 
and act as a depolarizer ^ The zinc 

fc IToto to Demon* tA tor. Separate specimens of each kind of cell may 
beset out rouud the laboratory and the students he allowed to move their ^ 
positions in order to draw and describe the various cells in their*iote-books, 
and finally prepare a tabular statement under the following headings: name, 
E.M.r., plate, elcitnnt, +’• plate, depolarizer, remarks. Near each kind 
of cell should be placed a prxftet^oltmeter, French pattern, price IQ*. M. 

. * For experiments with depolarizers see g 17. 





Fig. 16. 
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plate when not in use may be lifted out of the acid solution by 
means of an adjustable rod. The solution should be lpade/jp in 
'"che following proportions: Sulphuric Acid 1 part, Chromic Acid 
2 parts, Water 12 parts (or, if Potassium Bichromate is used, 
4 parts). 

Reactions. Zn + H,80 4 - ZnS0 4 + 2H, 

6H* 2Cr() 3 = Cr a 0 3 + 31I S 0, 

Cr,(), + 3 H s S 0 4 = Cr, (8( \\ + 311,0. 

(3) The Leclanch6 Cell [k. m. p. -1 *4 Volt] gives a small cur¬ 

rent, useful for electric bells and-telephones, 
and may be used intermittently for many 
months provided there are intervals for the 
recovery from polarization. The cell (Fig. 17) 
contains a saturated solution of salam- 
moniac (NH 4 .( ? 1) with a zinc rod for the 
- v " plate and a carbon plate for the + ve , 
the latter being surrounded with crushed gas- 
carbon and manganese dioxide as depo¬ 
larizer either contained in a porous pot a" 
as an agglomerate block held together with 
plaster of Paris. * 

Reactions. 2x1 H 4 . Cl« 2 (NH 4 ) + 2C1, 

Zn + 2 (NH 4 ) Cl = ZnCh + 2NH a + 2H, 

2A + 2MnO., - Mn.,0, + H s O. 

• 19. Two Fluid Cells. ' 

(4) Danlell’* Cell [k. h. F.-l-l Volts], shown in Fig: 18, 
consists of a rod (a) of line ( - ”) in dilute sulphuric acid 
(A) in a central porous pot (<■) wiisli prevents the mixing of the 
two solutions. * The hydrogen ions travel .through the porous 
.earthenware towards the containing outer vessel of Copper (d) 
which acts as Aic + " plate and holds a solution of Copper 
■Ulphate (e) replenished by a store of crysfids placed on a 
perforated sheH (/). Polarization dbes not occur because the 
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hydrogen ions replace copper, which deposits omthe copper vessel, 
fron^he solution. • - + 

Reactions. 

Zn<H a S0 4 = ZnS0 < + 2H, * 

. 2H + CuS0 4 =.H i S0 4 HCu. 

(5) Grove’s Cell [e. m. f. =1-9 Volts] 
con^iins a U-shaped zinc plate ( - ,l ) in an 
outer Sat jar holding dilute sulphuric 
acid. Fig. 19 shows a battery of 9 cells in 
scries. Hydrogen ions make their way in- Fis. 18. 

wards through a flat porous pot in which is placed a sheet of 
platinum ( + v ") standing in strong nitric acid as depolarizer. 
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(6) BunsexWi Cell [e.m.p. - 1-9 Volts] is similar to Grove’s 
except that a carbon plate is substituted for platinum fik the 

pole. The drawback of these cells (5) and (6; is that they 
emit eroding and irritating* nitrous fumes through tl”e process of 
depolarization. 

Standard Cells. 

(7) Latimer Clark’s Standard Cell [e.m.f. = 1-433 Volts at 
15* C.] is never used as a producer of current, 
but only in estimating the k. m. Ff of another 
cell. It should never bo used in closed circuit 
except with a very high resistance or when 
opposed by an almost equal k.m.’f. [see 
Potentiometer, § 68]. The Clark’s Standard 
Cell, Fig. 20, may easily bo made by 
students in the Laboratory. The positive 
“plate” is a small quantity of mercury 
placed at the bottom of a boiling tube and 
connected to the + vc pole by a platinum wire 
contained in a fused glass tube. A paste of 
mercurous sulphate is placed on the 
mercury and on this stands a saturated 
solution of zinQ sulphate into which dips 
the negative element, an amalgamated rod of 

Zinc. A cork holds the rods in position and the tube is sealed 
with paraffin wax or marine glue. 

c 

(8) Weston’s Standard Cell, constructed on the same 
principle as Clark's, is also used onlj/ for comparison of E. M. p. in 
series with a very high external resistance. Cadmium amalgam re¬ 
places the line rod (—”)[ Fig. 21]. A saturated*'solution of cadmium 
sulphate fiJIs tliq connecting tube between the two limbs and 
enables electrons to travel from the mercury (+") at the bottom 
of the left-hand limb. .The International Conference on Electrical 
Standards adopted this under the name “Weston Normal Cell”-; 


i 
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Fig. 20. 
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its e. m.f. = l -0813 Volta at 20° C. which rises or farts 0 0000406 Volt 
per fli|jre* below or above 20' C. • 


+ ri£i r.i 


Saturated 

(solution of (../•—- | 
cadmium / 
sulphate 



Mercury l • M admium 
amalgam 
Fig. 21. Weston Normal Cell. 


Metal case removed. 


* (9) Secondary Batteries, Stor¬ 
age Cells or Accumulators ( Ki«. 22) 
[k.m.f. =2*2 Volts] (set; $ 64) are now in 
general use for house installations, in 
laboratories 1 , on motor cdts and in 
various manufacturing processes where 
a steady current of moderate voyage is 
required. They are charged directlyaor 
indirectly from a dynamo. Current 
should only be taken from storage cells 
through a fairly high resistance 9 short- 
circuiting, i.e. joining the opposite ter¬ 
minals without adequate resistance be- 
tween them, mujt be always avoided', 

1 Small Storage Cells are Aippjicd by Messrs 
Pye <fc Co. of Cambridge. 



Fig. 22. Small Storage Battery. 
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any rapid revereal of the chemical actioh of charging the cells 
causes a buckling of the plates and destroys the battery. « 

The + ve pole of an accumulator is usually painted red. 

For description and reactions see § 64. 

Questions on Chapter II 

1. Describe an experiment to show the effect of pressure difference on 
the amount of liquid flowing through a horizontal straight glass tube. 

Supposing a constant pressure difference be maintained between the ends, 
what do you think will bo the effect of 

(а) doubling the cross-section area of the tube, 

(б) doubling the length of the tube, 

(e) halving both the cross-section area and the length of the tube ? 

2. What constitutes a simple voltaic cell? Describe and accouut for the 
chemical and other changes (if any) which occur 

(«)*before, (b) after, joining the plates by a wire. 

3. What is meant by (a) local action, (6) pplorizution 7 Describe folly 
the steps you would take to eliminate their effects. 

4. What is meant by the k.m.f. of a cell? Is there any difference between 
the k.m.f. of a cell and the potential difference between the plates? In wix*t 
units is the e.m.f. usually measured and from whence is- the energy derived 
to maintain it# value when the current is flowing? • 

5. Describe the Lecl^uohd cell, with sketch, and show what method is 
used to overcome the effeots of polarization within the cell. 

6 With reference to a Daniell's cell stile 

(i) the part played by the copper sulphate, 

(ii) the source from which its electrical energy is derived. 

* 7. State Ohm’s Law. In wh«|t units are ourrent, pressure difference and 
resistance usually measured? 

A voltaic cell of k.m.f. 15 volts is passed through an external resistance 
of 1 ohm. If the resistance of the oeU i# half an ohm, what is the current 
passing through |he circuit? 

8. The current from a battery of b.m.f. 2 volts and of & ohm resistance 
is sent through a^oil of»wire of resistance of 1} ohms. What is the p.d. 
between its poles ? If the resistance of the coil is 40 ohms, what effect will 
this have on the p.d. between tb*» «!•*-» -* 



CHAPTER III 

MAGNETISM 

20. Historical. The fact that an ore rich in One of the 
oxidtff of iron, called magnetite from its occurrence in large 
quantities in the Homan province of Magnesia, attracts pieces of 
iron,#vas known to the ancient Greeks and is mentioned by Homer 
(b.c. 1000 c.) and Aristotle. Magnetite is described by Lucretius 
(n.c. 60 c.) who remarked that a chain of small pieces of the metal, 
iron, stick together when in contact with the mineral [magnetic 
induction, $ 23]. 

That, this stone suspended in air sets in a definite direction— 
approximately with its main axis North and South—apjiears to 
havQ been first noted in Europe aljout 1200 A. n § although the 
Chinese arc* credited with a much earlier knowledge of the fact. 
Consequently this stone V;is called a leading or lodestone ; and 
mariners used it for directing their course in navigation. Later 
it was noticed that needles of steel, hardened iron containing 
about 1 */ carlxrn, after being rubbed in one direction along the 
lodestone, retained not only this property of setting in*the N. and 
S. direction, but also the power of attracting iron which we call 
Magnetism. The Mariner* Compass was the outcome of these 
discoveries. • 

In the 16th century Robert Norman (1581) first observed that 
if the magnetized needle were balanced at its centre of gravity 
the north-seeking end or pole tended to dip or incline down¬ 
wards. About 1600 William Gilbert suggested that this dipping 
was due to the fact that the Earth itself is a magnetized sphere 
[§ 26], the theory being confiriudfl later by observations of the 
angle of dip at variou? latitudes. 

In 1634 it was found that the compass neediest a particular 
place did not point in the same geographical direction as had been 
observed some years earliar [g 21]. Furthermore, fn>rn combined 
magnetic and astronomical measurements this variation or 

b. b. 3 
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declination of tfte magnetic N. and S. line from the true or geo 
graphical N. And S. line was also found to change as thjs lo> igitudt 
t of the point of observation was changed—a fact of the utmost 
importancocto seamen [§ 26]. 

Bxp«. (i) Suspend horizontally (a) a horse-shoe magnet, and (b) a bar 
magnet by means of a paper stirrup and pin fastened by fine thread to two 
wooden stands placed some distance 
apart (Fig.2 ‘in). Note that the# set in 
the N. and S. direction, i.t. in the plane 
of the Magnetic Meridian for the place. 
Mark the N-seeking cnd<or North Pole 
with gummed paper. 

(ii) Remove the magnets entirely, 
(ium a piece of paper at one end of two 
unmognet'ued pieces of thickish wire 
(a) of soft iron, (b) of steel (a knitting 
needle). Using two wooden stands, 
suspend each in a stirrup as in Fig. 23 (/>). 
Notice that (1) they set in no definite 
direction and (2) there is no attraction 
or repulsion between the two wires. 

(iii) Taking hold of the paperod ends of the two wires laid side by side, 
draw the barjnagnet several times in one direction along them so that the 
unpapeml ends of the wires last touch the papered (N) end of the bar 
magnet (Fig. 21). 



Now suspend separately the two wires. Observe that (1) the soft iron 
('*) 8ets > n no definite direction, (b) is attracted at both ends by either pole 
of the bar or horse-shoe magnet; in shprt,4he toft iron does not remain 
magnetised. 



Fig. 23 («). Fig. 23 (/,). 
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(2) the steel wire sets in the N. and S. direction the papered end being the 
N-seek*|g p<^e, and on bringing near the N-seeking end (N-pole) of the bar 
magnet, we observe that the N-pole repels a N-pole; we also And that twfi 
S-pnles re|>el each other, but that N- and S-polen attract eacli other. 

The first Law of Magnetic Force. 

• “Lib f poles repel unlike attract ” [of. $ 6 (2)]. 

(iv) Confirm this statement using suspended bar and horse-shoe magnets. 

(v) * Show by using a susjKmded magnet and two pieces of steel, the one 
magnetized and the other umnagnetized, that “ repulsion between the steel 
and the suspended magnet is the only tent of maynctization.” 


21. The Compass Needle. 

Examine a small pocket compass (Fig. 25). The magnetic 
needle does not set itself in the true N. and S. line, as found from 
the position of the sun at mid day. The magnetic 
meridian in England is for the present at an angle # 
of 15 (approx.) West of the geographical meridian. 

[Angle of Magnetic •Variation or Declina - ' 

fitm.j A small arrow head on the compass dial 

marks the direction which must coincide with that 

of the N-polc of the magnet needle in order that the four cardinal 

points N., E., S. and V. of the dial may correspond with the 


respective yeoyraphieal directions. 

A more sensitive instrument (Fig. 
26) consisting of a short monetized 
rod poised on a line point by means of 
an agate bearing and furnished with 
a long aluminium pointer at right • 
angles to the magnet is used in ex¬ 



periments to be described later [see Fig. 26. 

Magnetometer, $ 33 and Galvanonfefcer, S 45]. # 

A Mariner’s Cobpass is a modification of the single com¬ 


pass needla Several small magnets arc attached taa circular disc 
in such a position ^hat (1) it balances at its centre, (2) the com¬ 
bined effect of the magnet# isjthe same as that«of a sjngle^magnet 
suspended at the centre of the disc. A car^ marked with degrees 

3-—2 
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• • * 

and the points ef the compass (Fig. 27) is fixed on the disc so that 
the N. and 8. line sets in the magnetic meridian. disc can 
^rotate with the minimum of friction round its centre of agate 
supported an a point of non-corrosible metal (iridkifri). The glass 



Fig. 27. 

cover of the compass box has a line (the lubber's line), drawn 
diagonally over the centre of the rotating card and parallel to the 
ship’s keel, by which bearings may be taken with the magnetic 
meridian. 

' 32. Exp. To find the magnetic axis of an irregularly shaped 

magnot or a combination of magnate. 

* The following experiment exemplifies the principle of the Mariner’s Com- 
pasB and also tho method of determining the position of the N. and S. line. 

A cylindrical cork, through which two magnetized knitting needles have 
been fixed in parallel position Nt>‘, N l S 1 (Fig. 28), with their like poles ad¬ 
jacent, is suspended by a fine thread attached ti a wire HH } pushed along 
the axisjjf the cork. TJie combination of magnets so formed is hung from 
a wooden stand over a block covered with paper exaept over a large hole at 
the centra of the block. The suspension is adjusted w that the magnets are 
just clear of tbs papef. (1) The points A,*ICD corresponding to NS, N l S 1 are 
marked on the paper when the magnet combination has come to rest after 
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swinging freely. (2) Taking care not to alter the position of support or paper, 
reverse^he ^pension by hanging the combination from hook i/,, marking 



off tlfe points A, II, C, D, as before. (3) Remove the pnpcicand transfer the 
trace of the magnets for positions (1) and (2J (Fig. 29) by pricking through 
the points to another piece eft paper. 



Complete the plan of the combinatidh as shown in Fig. 29 and dot in the 
mean position by joining the points J/J/j, $hich gives the magnetic ajda, 
i.e. the line in the magnetic combination which coincides with the direction 
of the controlling magnetic force when the combination is allowed to swing 
freely to and fro and then come to rest* 

Practical Sxcrdae. tfmd the magnetic axis of a magifetized steel disc, 
pierced at its centre for suspension purposes. 

As Astatic Combination. 

Sap. Magnetize two kpitting needles squalhr by holding 
them side by side and then stroke them # in one direction along 





Figs. 31 a and b. 


either end of the compass fteedle and the soft iron. Next bring 
the N-pole of a permanent magnet near the end C of the soft iron 
wire and tap the wire with a pencil. Repulsion of the N-pole of 
the compass needle occurs shbwing that the wire has become 
magnetized and that A is a N-pole. Reverse the permanent 
magnet jind sl^ow that A now becomes a S-pole. Remove the 
permanent magnet and hammer the wire briskly once or twice; 
it will be found that the latter has lost its magnetism and will 
be attracted by either pole of the compass. 
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Exp. li. Having cut the wire in two at /i 4 place the ends 
in contact* (Fig. 31 b) ami repeat the experiment. 

Cut the wire into shorter lengths and place them end 
to end and tgy whether a “ like M pole is “ induced ” 
at the end of the wire remote from the permanent 
magnet. 

Exp. til. Try whether a •' chain ” of soft iron nails or tacks 
(Fig. $2) is magnetized l»y being touched at one end by a per¬ 
manent magnet. 

Exp. lv. Place the permanent magnet on the bench and 
over it lay a flheet of white paper. Sprinkle iron tilings evenly 
over the paper and tap one corner gently with the pencil, the 
tilings arrange themselves in chains along definite lines (Fig. 33). 

It may be.assumed from the results of Kxps. ii and iii that each 
particle of iron lias become a magnet and 1ms fitted itself to 
its neighbour so that unlike poles are in contact. 

This conversion of an unmagnetized piece of Tron 
to a magnet by the presence of a permanent magnet is called 
magnetic induction [cf. § GJ. Tin? term will be extended later 






Practical BxtipiM. 

Using u small compass, a long knitting needle (steel) and a^bar magnet, 
stow that, by induction , the feebly magnetized needle may have its magnetism 
41) strengthened, (2) weakened, (3) neutralized and eveu^ (4^ reversed by 
bringing nea^the permanent magnet. Carefully draw the positions to scale 
and note the effects (cf. Fig. 31 a). 

24. Line* of Force and Mapping a Magnetic Field 

[horizontal plane only] by mean* of Iron filings. . 

Exp.l. TJsingtwo short liar magnets, prepare “filingmaps” 
of the' following positions: 

(a) the bars “end on,” the N-pole of one about 2 inches from 
the S-polo of the second (Fig. 34), i.e. two unlike poles adjacent; 



, Fin! 34. 


(b) ditto, but two like poles adjacent (Fig. 35); 

(c) the two bar magnets parallel, unlike poles about 1) inches apart 



(4) ditto, but like poles opposite each other 
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Note. The “filing maps" may be made (1) on photographic paper (r.o.i’.l 
which after^xposure to suitable light may be developed or fixed in thu usual 
way; or (4) on cartridge paper soaked in paraffin wax ; tho position of tfte 
filing-chains flay be fixed by gently warming the wax by passing the Bunson* 
flame over it. • 



Fig. 35. 

Sxp. U. Placing the bar magnets on a piece of paper on the bench in 
exactly the same positions as in Exp. i, find the direction in which a small 
compass needle (Fig. 25) sets when it is placed insvarious positions on the 
paper and compare the directions with those of tho “filing maps” by mark¬ 
ing a line between N- and 8-poles *f the compass needle on the paper. 

Exp. 111. Mapping a horizontal Magnetic Field by 
mean* of a Compai* needle.' (Fig. 30.) • 

(a) Remove all pieces of iron and all magnets except one Oar 
magnet. Place this in the centre of an im|K‘rial sheet of cartridge 
paper on the bench, with the tf-jifle of tho bar magnet pointing 
N. in the magnetic merjdian. Place the compass on the paper near 
the N-pole of the bar magnet. Mark with a pencil on the paper 
the position in which the small needle sets.' Follow the direction 
of its N-pole aneb obtain a series of positions as shown by the 
chain of small circles in Pig.<36. Join the successive positions by 
a line bearing an arrow mark which in4icates the direction in 
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which a small north pole tends to move under the combined 
influence of the magnetic forces (a) of the bar magnet* ( b) of the 
ftirth. Repeat from the other stations round the magnet and 
thus obtain*a series of lines which map the magnfiic field of 
force in the horizontal plane. These lines are called lines Ol 
force. 

Observation!. (1) The direction of the Earth's magnetic field in indicated 
by a small pointer at the top of the map. ' 

(2) The Earth’s magnetic force is strengthened by that of the magnet at 
the top and bottom of the map. 

(3) These two forces exactly neutralize each other at pdints P and P 
(neutral point*). 

(1) The lines of the Earth's magnetic force bend inwards towards the 
magnet on the right and left of the map. 

Exp. iv. ltepcat (iii), reversing the position of the bar magnet (Fig. 37). 
Note the positio^ of the neutral points P, P. , 

Exp. v. Map the lines of force when the magnet is placed in the E. and 
W. position. 





24-26] An^e of Dip 

25. To find the true direction of the lines of force 
in a magnetic field. 

Tn the last experiments it is necessary to bear in mind thflt 
we have mapping the direction <*f the horizontal roin/yonmil 
of the magnetic force. The true (lirniion of the resultant magnetic 
force would be found by suspending the compass needle at its 
centre of gravity on a universal bearing, such as is deserilied 
below. 

Sxp. An unmaynetizal knitting needle is pushed through the centre of a 
small cork which is itself supported at the middle by two pins which rest 
loosely in a ziflc stirrup (Fig. 3H). Tin* needle y 
is first adjusted in the cork so that it balances 
in any position, i.e. at its c.o. The needle, 
with stirsup attached, is then carefully placed 
with its ends resting in two grooved blocks 
so that it may be magnet iznl without dis¬ 
turbing the adjustment of the stirrup. After 
magnetization the apparatus is hung bv a 
fine thread from a wooden stand and al¬ 
lowed to come to rest in mid-air. The needle 
sets itself, under the influence of the Earth's 
Magnetic force, in the magnetic meridian 
with its N-pole dippin^tlown towards the 
N. at an angle of 67° (approx.) with the hori¬ 
zontal. This angle is called the angle of dip 
or inclination. The position of the needle 
indicates the direction of the liifes of force of the Earth's magnetic field 
at the point of observation. 

26. The Earth a magnej. 

The Earth behaves as if it were t#huge magnet: its magnetic 
“north” pole is in the peninsula of Boothia Felix (British North 
America), its “south” pole is within the Antarctic circle. A model 
(Fig. 39) may be made by supporting a strongly magnetized steel 
bar within a hollow* Vooden sphere, at a position corresponding 
with the Earth’s magnetic axis. Holes must* be boj-ed in 4|ie sphere 
at points Jf m S mt the magnetic N- and 8-poles, which are respec¬ 
tively 17° from the Geographic N-pole and 18°«from the Geographic 
8-pole, the latter being measured on a circle of longitude 110" 
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(approx.) W. of the circle of longitude passing through the Geo¬ 
graphic and Magnetic N-poles. 



, Between these holes the magnetised rod must be fixed with its 
S-pq)e towards the Geographic N. If now a small magnetised 
sewing needle, suspended by a silk fibre attached to its c.o. by 
soft wax, is moved from the N. magnetic pole towards the South, it 
will set itself at angles which indicate the direction of the Earth’s 
magnetic force at various latitudes. [See fhe suspended arrows, 
Pig.-89.] .It is possible in a large model to show alterations in 
(a) the angle of dip or inclination, ( b) the ^ngle of variation 
or declination yith the Geographic iqpridian. [See also Pigs. 40a 
and 6.] 



• 9 ' 

Fig. 40 (4). Lite* of equal dip (uoelinlo/f. 
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It will be seen that the angle of dip varies from 90’ at the 
magnetic pole to 0° at the magnetic Equator. 

, By moving the needle (approximately along lines of latitude) 
so that the* dip remains Constant we are tracing isCclinal lines. 
lanes along which the variation is constant are called isogonal 
lines (of equal declination). The isoclinal along which the dip = 0° 
is called the magnetic Equator. 

pi 

Exp. Use the Hmall exploring needle described above for finding the true 
direction.of the resultant magnetic force in the neighbourhood of one or more 
magnets placed in various positions. 

27. The Dip Circle. 

Is an instrument used for measuring the magnetic dip, a simple 
form of which is shown in Fig. 41. The method of using is as 
follows : the dip-circle is first placed with its plane in the E. and 



W. position—the N-pole then points vertically downwards. The 
instrument is next stated on its bas$ through an angle of 90*: 
the plane is now in the magnetic meridian and its horizontal axis 
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points E. and W., the needle is therefore free to take up the 
position oi maximum dip which may be read off. There are how¬ 
ever several sources of error. 




No. of 

Source of Error 

Correction 

Readings 

(1) The line joining the 

Take the mean of the read¬ 


two points of support may not 
pass through the centre of the 
oircle. 

ings at each end of the needle. 

2 

(2) The zero-line may not 

Turn the whole instrument 


be level. * 

on its base through 180° and 
repeat the two readings above 



cl. 

2 

(3) The magnetic axis may 

Rotate the needle on its 


not lie on the line joining the 
two yeedle points. 

(4) The line joining the 

liearingsand repeat(l)and (2). 

• 

4 

Remagnetize the needle so 


two points of support may u^fc 

that the poles are reversed and 


pass through the Centre of 
Gravity. 

• 

repeat thenboveeight readings. 

8 


38. Changes iq the angles of Dip and Variation 
(Declination). * 


The directions of the lines of force in the^Sarth’s magnetic field 
are subject to (1) daily, (2)«annual and (3) prolonged periodic 
changes, and the intensity of the force also varies. Sudden and 
violent disturbances are known as magnetic storms which seem to 
be closely connected with the appearance of sun-spots. 

By far the most important change is that of variation 
(declination) which may be accounted for by the theory that the 
magnetic N. pole moves in a circte of about 20° radius (gyrates) 
round the Geographitf N-pole once in about 1000 years. In the 
year 1580 the compass at London pointed about 1 ],” E.; by 1660 it 
pointed due North and in 1820 the variation had reached a 
maximum of 24° fa. This westerly declinatioai is qow decreasing 
being at present about 15° W. 
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29. Measurement of Magnetic Force. 

A glance at the maps of magnetic fields round bi.r magnets 
shows that the exact position of the pole is rather indefinite. For 
investigating the laws of force between two magnetic poles it is 
usual to employ a magnetised steel rod ending in soft iron balls 

G r 

Fig. 42. 

(Robison’s magnet, Fig. 42). A filing map or an exploring compass 
reveafs the fact that the poles of such a magnet are “concentrated” 
at the centres of the spheres. [Try this.] Good results are however 
obtained by using long knitting needles and assuming that the 
poles are situated about T V the length of the needle from qach end. 

Assuming that magnetic force radiates out from a centre we 
should expect the “inverse square law” to hold goodLet us try 

Bxp. To show that the force between two magnetic poles varies 
inversely as the square of the distance between them. 

A magnetized knitting needle or a Robison’s magnet Am is supported 
vertically in one pan of an acourate balance and counterpoised. Another 
magnet Jin is 'clamped in the position shown in Fig. 48, like poles bei'-g 
placed adjacent. < 

bQ——*- o 
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Weights are then added to the left pan to restore equilibrium 
• ss If' grains = Force of Wg dynes =* F. 

The distance A between the balls A and li is next accurately measured by # 
inserting a pq^»r wedge whose bane is divide! into 10 equal divisions and 
whose height (h) is accurately measured and male slightly greater than the 
greatest distance to be measured between A and It. If the wedge first touches 
each ball at the point 4’7 (say) then rf = (M7fr. Find the radius of each ball 
by the screw gauge =t r, and r a , then total distance l) between the poles 
• =rf + r, + r,,= 7). 

On varying the distance (</) and finding the weight (ir) required to restore 
equilibrium it will be found that 

Fx U‘- 

Actual Observations taken 


Tot|l Distance between | Weight required (IF) to 
Poles D 1 restore equilibrium 


1 

/>’’ 

then lYlf^k. 


If IF a 


1 cm. 

2 cins. 

3 cms. 

4 cms. 


0-280 gram 
0 070 „ 

0-030 „ 

0017 „ 


•28 x 1--28 
•07 x 4 = -28 
•03 x 9 -= 27 
•017 x 16 = ’27 


Bibbsrt's Magnetic Balance. 

That the lawof inverse squares applies to magnetic forces may also be proved 
by the use of Hibbert’s Balance (Fig. 44) in which a delicately balanced 
Robison’s magnet is brought under the influence of a second magnet. The 
distance is measured on the upright scale to which the second magnet is fixed, 
and the force is measured by moving a-rider of known weight along either 
arm to distances from the fulcrum marked oif a fixed horizontal scale. • 


30. Unit of Magnetic Force. 

If two like poles of equal str&ngth, placwi one centimetre apart, 
repel each other with rt *force oj one dyne , each is said to be a unit 
magnet pole or to possess unit pole strength, „ 

Thus a N-pole of m units repels a unit N-pole at I cm. distance 
with a force of m Syne* and # a N-pole of m umts repels a N-pole 
of m t units with a force of mm, dynes. 

B.E. 
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If the distance apart of the poles is d cms., then the force 
ef repulsion = F- dynes. 

This equation may be stated as tho Second Late of Mag¬ 
netic Force: 



Fig. 44. 

If it were possible to isolate two magnetic poles and concentrate 
them at two points, then the force between them would be 

proportional to the product <5Sf their pole strengths and 
inversely proportional to the square of the distance 

between them. • 

• 

* 31. Intensity of a Magnetic Field. 

Having considered the force which one magnet pole exerts 
upon another, we proceed tO*fifid a method of measuring the 
intensity of* a field of force such as the Earth’s magnetic field. 
This iSjObtainpd by measuring the force exerted on a Unit 
magnetic pole placed in the field. A field is said to have unit 
intensity if the torct exerted on, a unit N-pole is one 

_ .? v t* 1 « 

dyne. 
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Intemity of the Earth’* field (I). 

Let u#imagine that it is possible to isolate 
a unit N-pole U. This unit is pulled with a 
force of / clones in the magnetic meridian in 
the (direction of the angle of dip (8), i.«. in 
England towards the North at an angle of (57" 
with the horizontal (Fig. 46). 

J^et UA represent, in magnitude and di¬ 
rection, this force of / dynes. 

By completing the rectangle ABUC, we 
obtain the horizontal component UJi = H 
dynes and the vertical component VC -- V 
dynes. ' 

Then, since UC -AUxinS, V ~/sin8, 
and* VB - A U cos 8, //-/cos 8. 



Fig. 45. 




V 

H 


tan S, 


a^so 1 JlV + V\ 

From the above,.equations we may find tho values of V and I 
if the values of H anS 8 are known. 

8, the angle of dip, varies according to locality and is found 
by observation = 67" approximately at London. 

H is found to be approximately O'185 dyne at London [see 
§ 37], hence 

V = the vertical component at London = '433 dyne, 

/s total force or Intensity of Earth’s field = '472 dyne. 


32. The magnetic moment of a magnet [denoted by if], 
let a magnetized Needle of pole strength m units come to rest 
in the position ITS under the influence of a field at unit intensity 
whose direction i^ indicated by the arrow at the left-hand comer 
of Fig. 46. 

‘ .Let the distance between the poles l cms. 


4—2 




58 Electricity and Magnetism [oh. nx 

Let the magnet be deflected through an angle 6 and let its 
Upw position be A r l S 1 . • 

Draw i\y J through N t parallel to NS and let fall a perpendicular 
.S', /’ from iS, on *6 NJ J . 

Then the needle is acted 
upon by two equal but oppo¬ 
site parallel forces, at the 
points NS,, each equaf to m 
dynes, which constitute a 
couple whose mgment or tor¬ 
que. - nt. S,P tending to twist 
theneedle back to the position 
NS. 

The arm (.S’, P) of the 
couple depends on the value 
of dj since S,P = 1 sin d; and 
the moment or torque 
-m.l sind. 

The couple reaches its 
maximum when d = 90° 
[position A'j/Sj], its moment 
Fig. 40.* then = ml denoted by M. 

This maximum moment or £orque (ml) of the couple is 
called the magnetic moment of the magnet (M). 

M = ml. 

t 

r 33. Equilibrium of a magnet suspended in the Earth’s 
field (H) and deflected by a force of intensity ( F) at right 

angles to the direction of II. • • 






32-33] 


F oc tan 0 


¥ 

The Magnetometer. 

To shiw that in a constant field Deflecting Force Is 
proportional to the Tangent of Angle of Deflection. 

[Use t haMirass compass box (Figs. 26 and 47), with its centre 
resting on the 50 cm. mark of a metre ruler placed in the E. 
and W. position.J 

Btfp. Let Fig. 48 represent the small compass needle NS of the magneto¬ 
meter (1) at rest in the magnetic meridian, each polo being of strength m 
units, and the distance between the poles N and S being = / cms. Then Bince 


A 



mH • 

Fig. 48. d-distance between 8-polo of deflecting magnet and the axis A 
of the needle. 


//a horizontal component of the Edrth^ field, each end of the needle will be 
pulled by a force of mHelynes in opposite directions. 

(2) Next, let a S pole of a long bar magnet approach from the Ejection, 
and remain at a distance (d) great compared with the lenglh ( l ) of tne needle 
producing a field of force of Intensity 7 at if, i.e. F units of force on unit 
pole at the centre of the needll. IJhe needle is defleeAd though f n ancle I 
to the position N\Si and oomes to rest when th^ deflecting forces mF, n»F 
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due to 8 which have a clockwise torque balance the restoring forces mH , mH 
which possess a counter-clockwise torque. Sinoe the deflecting magnet pole 
& is at a considerable distance, mF and mF are assumed to be parallel and 
,pqual but opposite forces, acting at right angles to the two equal but opposite 
foroes m//, mH. These two sets of equal but opposite parakiel forces con¬ 
stitute two balancing couples whose torques may be found as follows. Continue 
the direction of mH backwards through to P and the direction'of wiF 
backwards through Si to P. Then 

N X P is the arm of the couple mF, mF and mF. NiP is its torque* 
and &’,£ „ „ mH,mH „ mH.8\P , 

.*. mF.N x P~mH. S\P for equilibrium. 

••• ^ > s V v V'=tan8, 


Intensity of Deflecting Force IF) . . . ., „ .. 

~—_———. . .. — - ——'—= tangent of L of defleotion. 

Intensity oiharth s Horizontal Component (H) 

This equatioif expressed in words gives us the Law of Tangents. * 



Fig. 49. 
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34. The Law of Tangents. 

If a c&nptms needle is deflected by a magnetic force acting at 
right angles to the magnetic meridian , the ratio of the intensity m 
of the deflectviig field of force to intensity of the horizontal component 
of the ^Earth's field is equal to the tangent of the angle of defection. 

Since // is constant for a given place, the intensity of the. field 
of th^defiecting force is proportional to the. tangent of the angle of 
defection. 

Exp. XUnftrate the tangent law an follows. A string A KPW (Fig. 49), 
tied to a nail A driven into a hoard, passes over a pulley P (attacliod to the 
board) and suspends a weight pan IK. At K a second piece of string KII, at¬ 
tached to the first by a waxed 1 slip-knot, supports a constant weight It which 
corresponds to the Earth’s horizontal component. Vary the deflecting force 
F by adding weights to W and at the same time move the slip-knot along the 
string so that the direction of F is horizontal; i.e . at right angles to KH. 
Enter your results thus: 


Deflecting Force 
LF) = Wts added I 
+ Wt of Pan (12 | 
grams) : 

Constant Force 
II - say 100 gms 

• 

• 

Angle of de¬ 
flection = 0 

tan 0 

* * 

tan 9 

46-4-12= 58 ! 

100 

• l 

HO’ j 

*577 

58 . 

■577 = 100 * 

75+12= 85 

100 

40° 

•8H9 


89 + 12 = 101 

100 

44° 

1-000 

f =1010 

108 + 12 = 120 

100 

50" 

1-192 

nr 100 ' 9 


!_ 

_ 4 -- . 




The value of the tange*nt may be read of! a horizontal scale drawn (Fig. 49) 
from a point B vertically below and 10 units from A. Explain thifc 


1 The wax on the slip-knet prevents the latter slipping along the string 
when KP is adjusted horizontally. 
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Since the deflecting force, F, x tan 6, 

it is found tkat tan ( x -i, 

d* 

i.e. tan 0-constant (Jt). 


;.rx 


1 

A-' 


36. To find the Intensity of the deflecting field of 
forc^ (F) when tho influence of both poles (strength m) of the 
deflecting magnet and its length (/) are taken into account. 

I. The magnet placed in the end-on position. Place the 
magnetometflr lengthways in tho E. and W. position (Fig. 52), 
the compass needle in the magnetic meridian and the aluminium 


N 



pointer over 0“ of the circular dial. Place a short rectangular bar 
magnet (ns) of length 1 on the scale with its axis E, and W. 
[end-on position], its centre being d eras, distant from the 
compass needle. Take the mean of tho two pointer readings to 
obtain the angle of deflection ( 0 ). Then 

distance of n from magnetometer needle - d - \ l, 

1! 8 o »* + 

If we consider the force of each pole (strength m) of the 

deflecting magnet on » um'f N-pole at A, we obtain* 


force repelling due to n = 
and force attracting due to « = 


(d-\k 

(d+ $/)» 
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and their difference = resultant force (F) on unit N-pole repelling 

N _ 2 mid r 

~ d‘^17 1 ,7 2 T(p) 4 

- (approx.) [if l is small compared with rf], 


.'. F = 


2M 


^3 (“end-on” position). 


Hence we can find (M) the magnetic moment or 
torque of the rectangular magnet in terms of H, d 
and 6. 


© 


Since 


F= If tan 6 = 


m 


d 3 ’ 

. . M= i.d».Htan0 


.(1). 


a 

s 

Fig. 53. 


* II. The deflecting magnet placed in the broad¬ 
side position. Place the piagnetometer lengthways 
in the magnetic meridian and the small deflecting 
magnet ns (pole strength m) in the E. and W. 
position (Fig. 53). , 

Then, if 1, d and $ indicate as in I, it may be 
proved that 

F — (broadside position), 

M 


hence 


t / 3 ~ H tan 6, 

.'. M = d 3 .Htan0 ... 


( 2 ). 


*•7. To find the value of H. [A “vibration” experiment.] It may be 
proved that if the small deflecting magnet is suspended and allowed to 
vibrate about its central geometric axis (Fig. 64), to and fro across the 
xnagnetio meridfan, the time of vibration being Tcsecs., then 

‘ 

[Of.twfcy/li for method see pendulum, Exp?8c. Part I, § 12.] 

* Omit for first' reading. 
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The value oj a 


OH 


where X ia the Moment of Inertia 1 of the Magnet, hence 
4r ».If 


J-3 _ 


M.ll 


( 8 ). 


By combini% results of Equation (8) with tlioso of either (1) or (2) above 
the walne of a ia obtained 3 . 



To find the magnetic moment or torque (at) of the bar magnet. 

Insert the value of II obtained in the hint experiment in equation (1) or (2). 

1 Vote to Teacher. TJp facilitate correction of the note-fcooka, it is oon- 
venient to use similar rectangular bar magnets. 

mass of magnet in grams [($/)* ♦- 

i- ’ 

where l=horizontal length and ^horizontal breadth %( m^net. 

1 For another method of finding H see Tangent Galvanometer *( 45. 
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*38. To compare the Intensities of two magnetic 

fields H and H t . o 

• 

Assuming that the experiment described in § 37 was performed in a part (A) 
of the laboratory that was free from magnetio forces other $»an the Earth’s 
field, carry the vibrating magnet to another position (B) where there are 
known to be large masses of iron, as for instance, heating apparatus?an iron 
fire place, iron gas pipes or steel gas cylinders. Find the new time of vibra¬ 
tion T x by averaging the time of (say) 50 complete vibrations. 


Thqn since 


Mil ’ 




k 

H’ 


and 


T?= 


k 


Hi 

. T* _ll { 

••• T i - H , 

or if n and n t are respectively the number of vibrations in a given time, then 


Questions on Chapter III 

1. Two knitting needles, one of which is magnetized, are suspended 
separately by silk fibres. How would you proceed to discover which is the 
magnetized needle? 

« 

2. Explain the term “ maguetic induction.” How would you prove ex¬ 
perimentally that the attraction between a bar magnet and a piece of soft 
iron is due to magnetio induction ? 

3. The N-pole of a weak magnet is found to repel the N-pole of a small 
compass needle, but when tha bar magnet is replaced by a similar one of 
stringer pole strength, the needle is found to be attracted. Explain this. 

4. What is meant by the magnetic axis of a magnet? Describe fully how 
you would find it in the case of a flat irregular sheet plate. L. M. 1918. 

• « 

5. What is meant by “variation”? How woui'd you obtain the variation 
at a giv^n position? A icout is ordered to march by compass from Neuville 
St Vaast to Thelus on a true beariug of 91° E. of N. If the variation is 18° 
on what magnetio bearing will he march ? 


Omit for first reading. 
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6. An observer, using a compass, sees a tower on a magnetic bearing of 
57°. If the vfriation is 13° what will the true bearing be? 

7. How would you make a simple magnetic dip circlo if provided with a 
bar magnet, anftinmagnetizcd piece of sheet steel, thread and any acoessorios 
you need ? 

Ho\# would you use the instrument to find the magnetic dip? Explain 
the cause of tho dip and Btate why a compass needle does not dip. 

0. L. .1. 11)20. 

8. What is meant by a magnetic field? Describe how the field due to a 
bar magnet placed at right angles to the magnetic meridian may be investi¬ 
gated, and givc^ sketch of tho result to bu expected. L. M. 1920. 

9. What do you understand by “ lines of magnetic force "? 

Draw the lines of magnetic force between two parallel bar magnets about 
half an inch apart with (a) unlike poles adjacent, (b) like poles adjacent. 

(Neglect Earth’s field.) 

10? Given corks, a deep bowl of water, a strong bar nugnet, two long 
knitting needles, devise experiments to illustrate (a) the forces of attraction 
and repulsion between magnefic poles, (b) the lines of force between magnetic 
poles. 

11. Define unit magnetic pole, pole strength, field intensity, magnetic 
moment. 

What force does a magnetic pole of strength 5 exert on a similarly charged 
pole of strength 10 placed at a distance of 7 cuts. ? ^ 

12. Two similar magnetic poles of strength 10 are placed 4 cms. apart. 
Determine the field intensity at a p<4ut {a) midway between the poles, ( b) one 
cm. away from one of the poles on the line joining them. 

13. What is a couple? How is the moment of a couple determined? 
[§ 32.] What will be the couple exerted on a compass needle of pole strength 
3 units, length 3 cms., when it is at right angles to a field of strength (u) JO, 
(6) unity ? 

14. What is a “neutral point” and show how its position in a magnetio 
field can be determined experimentally 1 

15. Show that the field intemtity dne to a email bar magnet at a point 
on its axi» produced i« equal to “ where 31 ie its magnefle moraefit and 4 
the distance of the centre of the magnet from the poin^ 

16. State and prove the Law of Tangents. 
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17. Describe and explain a method of verifying the Inverse Square law 
for magnetic poles. L. M. 1918. 

, 18. What is meant by the statements (a) that the strength of a magnetic 

pole is m units, (ft) that the strength of a magnetic field if? H units? The 
distance between the poles of a bar magnet is 15 cms. and the strength of each 
pole is 100 units. Find the magnitude and direction of the field dub to the 
magnet at a point distant 15 cms. from each pole. 

19. Describe the construction of a Riraple type of magnetometer and 
explain fully how either (a) the magnetic moment of a bar magnet or (ft) the 
variation with distance of the field due to a bar magnet at points on the axis 
produced may be determined by its aid. L. M. 1918. 

20. Show how you would magnetize two similar knitting needles eaoh by 
a different method and discover which is the stronger magnet. 

21. A bar magnet with its axis E. and W. deflects the compass needle of a 
magnetometer,,placed on the line of its axis produced, through an angle of 
25°. Calculate the polo strength of the magnet from the following data: 
length of magnet 5 cms., distance of compass needle from centre of magnet 
20 cms., H=5* 18 c.u.b. units. 

22. In an experiment with a magnetometer, the axes of two magnets were 
placed in line pointing E. and W., and the compass needle at a point on the 
line between them. When the centre of one magnet was 12 cms. and that of 
the second 86 cms. away from the centre of the needle it was found to be 
undefleoted. Compare toe moments of the two magnets. 

28. Describo carefully how you would proceed to determine the direction 
of the resultant force of the Earth’s magnetism at a given point. 

What do you mean by (a) the vertical, (ft) the horizontal component of 
‘the Earth's field, and state how you would determine their values in absolute 
measure ? 1 



CHAPTER IV 


the Magnetic effects of the electric current 

LEAD I NO TO THE MEASUREMENT OF CURRENT AND 
TOE THEORY OF MAGNETISM 


39. Electric Bell. 

The simple magnetic effects of an electric current may be illus¬ 
trated by experiment with the 
familiar electric bell. Fig. 55 
shows a plan of the bell which is 
contacted by wire from its ter¬ 
minals, 7*,, 7'j, to two Icelandic 
Cells inseries with a “push” con 
tact for completing the circuit. 

The conventional “direction of 
tffe current” is indicated by 
arrows. The current,.•entering 
at 7’,, passes along a spring, 
attached to a soft iron keeper, A", 
to an adjustable screw C whitdi 
together with the spring forms 
the contact-breaker ; and 
thence by a wire wound round 
two bobbins which forms a con¬ 
tinuous coil about a piece of iron 
bent twice at right angles. Whefl 
the circuit is completed, through 
the terminal T„ to the zinc rod 
(Z,) of the battery^ the soft iron 



Fig. 55. L, LedancM Cells. P, Posh. 
II, Bell. DD, Spring. /T Contact- 
breaker. K, Keeper of Magnet. 


-- 

core becomes a magnet, electro-magnet and attracts the 
keeper K causing the attached hammer to strike the bSfl. This 
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attraction breaks the circuit between the spring and screw of the 
contact-breaker so that the iron core returns to its original unmag- 
# netized condition and the spring flies back, strikes the screw and 
completes the circuit onuo more; and so the process is rapidly 
repeated. 

Bxp. 1. If a small compass needle is brought near each end of the soft 
iron core while the bell is ringing, it shows that (a) an electro-magnet possesses 
N- and 8-poles corresponding to those of a permanent magnet; 

(6) magnetization ceases when the current is broken; 

(c) the polarity is reversed when the direction of the current at T x , T 9 is 
reversed. 


Bxp. 2. Examine the direction of the current as you look into the face 
of each pole, (a) When the current passes in a olockwlM direction a 8-polo 
is facing you, ^T); 

(b) if oounter-olockwise, a N-polc is facing you, £f\j). (Fig. 55.) 



Fig. 56. w 
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Sxp. 8. Confirm the relationship between polarity and direction of 


current by |jsiug either electro-magnets 
as illuhtrated in Figs. 56 a, b, c ; or simply 
by magnetizing a straight soft iron core 
as in Fig. 56 d? or a U-shaped soft iron 
core by the method indicated in Fig. 57. 

• 

Practical Exercises. 1. Make an 
electric Busier, by replacing the keeper 
and haftitner with a short steel spring. 

2. Alter the adjustments of the con¬ 
tact-breaker in order to convert the 
trembler electriJbell into a tingle stroke 
gong. 



Fig. 57. 


40. The Solenoid and Magnetic Shell!. 

Bzp. 1. Wrap a continuous coil of wire in one direction only, round a 
hollow cardboard cylinder, and suspend the latter from an ^justable beam 


Fig. 58. 



A A. Cardboard Cylinder. CC, Removable «oft iron core. S Solenoid. 

Porcelain cups of mercury. EE , Phosphor bfonze Suspension. 
B, Battery. J), Commutator. 


by a wire of phosphor bronze t as thown in Fig. 58. Th*e sn<b of th#*oil-wire 
dip Into two cups of mercury placed vertically belog the point of suspension. 
_ _ 5 



,06 


Electricity and Magnetism [ch. iv 

Current from a battery or from the lighting main supply 1 is passed through 
a commutator [§ 52] to the ooil by way of the mercury cups. ,£uch a coil is 
f known as a solenoid. When the current is passed the eoilaeta itself In the 
H. and 8. direction. Show that (1) it possesses polarity by means of a magnet 
or compass needle; (2) the polaiity is reversed on changing c the direction of 
the current; (3) the magnetic effect is increased on placing a solid core or a 
bundle of wires of soft iron or steel iuside the cardboard cylinder. 

Bxp. 9. Test the wires, on removal, for permanent magnetization—the 
steel becomes permanently magnetized, the soft iron only temporarily while 
inside the solenoid through which current is actually passing. 

Exp. 8. Do la Rive's Floating Battery. A voltaic cell is made by 
floating the zinc and copper plates attached to a 
large cork in a bowl of dilute sulphuric acid (Fig. 59). 
The wire conveying the current is coiled closely so 
as to form a circle the plane of which .iB found to 
possess the magnetic properties of a thin plate or 
magnetic shell, as it is called, having N- and S-pole 
faces. Test this with (1) a permanent bar magnet, 
and also (2) a srnal 1 compass needle; and try to 
imagine the directions of the lines of force with 
regard to this shell. By remembering the direction 
of the lines of force about a bar magnet (§ 24), it will 
Fig. 59. A Dilute anl- found that the floating coil tends to set iUelt so 
phuric acid. B, Cork, as to include the greatest number of lines of magnetic 
M, Magnetic shell. force of an externul magnetic field. 

Deductions and Recapitulation. 

From these experiments we conclude that: 

(1) a current-bearing circuit produces a magnetic field of the 
kind that would ho formed if the plane enclosed by the circuit 
were a thin magnetized plate or shell: 

(2) a solenoid is a series of such magnetic shells having the 
same central axis: 

(3) these electro-magnetic cods tend to set themselves so as 
to include a maximum number of lines ox magnetic force of an 
external magnetic held: 

(4) iron is more permeable to these lines than air is [§ 49]: 

(5) ^ steel may‘be magnetized permpnently if it is placed in a 
magnetic field produced by a current of electricity. 

1 See Note on Oantion next page. 
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41. Lines of Force of an electro-magnetic field. 

Exp. 1. Make u tiling-map of the lines of force of the raagnetio field 
caused by passing an electric current through a circular coil of insulated wire, # 
Fig. 60. The )%ine of the map is horizontal aid contains the axis of the coil. 
Good results are obtained by passing a current of one or two ampiros, 
preferably from the main supplythrough a coil of '20 or 30 turns of No. 22 


tagr?. 




k 

$ 
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>, 


■■■i 


r 

li* 



Fig, 00. 

wire with a lamp resistance in the circuit. It is observed that the lines 
of farce are 

(а) uniform at the centre of the coil where their direction i$ at right angles 
to its plane ; 

(б) approximately ciroular and continuous where the coil itself passes 
through the paper. 

> Caution. In neing tlie lifting mein (apply for experimental pnrpoeee 
place a lamp resistance [see Appdbdix I] in the circuit, togethe f ^it h a 
precaution fuse, and Mnr touch the apparatus when the currant la 
•witched oil 




68 


Electricity and Magnetism [on. iv 

Ssp a. This latter observation (6) suggests the presence of a magnetic 
field of force round any conductor carrying a 
current of electricity. 

A current of a few amperes from the main 
supply (Caution) iB Bent througn a lamp resist¬ 
ance in circuit with a vertical wire which passes 
through a horizontally placed card sprinkled with 
iron filings. (Fig. 61.) Immediately the current 
is switched on the presence of a magnetic field 
around the wire is revealed by the filing-chains 
following the lines of force which are circles whose 
centres are in the wire and whc^e planes are at 
right angles to it. 

Exp. 3. There yet remains to find tlio 
direction of the line* of force by means of a 

small compass needle , having regard to the direction of the current. 

Remember that the positive direction of a magnetic line of force is that 
in which a N-dlagnetio pole moves when it is placed in the field. 1 

The Screw or Corkscrew Rule. Imagine that you are 


screwing an ordinary screw or a corkscrew into 



is deflected towards your left hand. Test this ly placing a current- 

r , * 

1 With ordinary breast stroke. 



Fig. 61. Lines of mag¬ 
netic force about a cur¬ 
rent-bearing wire. 
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bearing wire alongside of and also both (1) above and (2) below 
a suspended magnetic needle (Fig. 63). 


*41 (a). Converse Bxteuslon of Amptre’e Ruts (li). 

We must bear in mind that in the last experiment there aro two main 
fields of magnetic force : (1) that 
due to the current , (2) that due to 
the magnet, which react mutually. 

So far the magnet has been free 
to move and the wire fixed. Now 
let the magnet be fixed and the 
wire be free to move side ways. 

By Newton’s III Law to every 
aotion there is an equal and con¬ 
trary reaction; therefore the wire 
will be translated bodily accord¬ 
ing tcfcthefollowingmodificfttion of 
Ampere’s Rule:— Imagine your¬ 
self swimming in the wire, witlsth- 
current , and looking along the lines of force (in this case (Mg. 64J away from 
the N-pole of the fixed magnet), then the wire will be carried towards your left, 
^[N.B. If the magnet pole were S, the swimmer would have to turn on his 
back and face the S-pole in order to look in the direction of the lines of force.] 



Fig. 64. Motion of Current in 
Magnetic Field. 


*41 (fc). Further Extension of Ampere's Rule (Hi) [Induced Currents]. 

There yet remains the consideration of a third condition, viz. when a 
wire forming part of a circuit wl^ch doeH not contain a battery or other 
generator of electric current is moved across lines of magnetic force. Here 
energy to move the wire must be supplied [§ .54]. 

The result again follows from Newton’s III Law. Moving the wire across 
the lines of force of the magnetic field results in a production of current in 
the wire, and this induced current tends to cause motion [Ampere, g 41(a)] 
in a direction opposing the movement of the wire caused by the energy 
supplied. Therefore the direction of this induced current is determined by 
considering the question of reaction or opposition to the force used in moving 
the wire. Hence, when w# consider the case of moving a wire »o that it cat* 
across lines pt magnetic force and the consequent induction of current in the 
wire, we must modify Ampere’s Rule, thus:— Imagine t hat (1) you are 
swimming in a wire which is moving across (cutting) the lines of force of a 


• Omit for first reading. # 
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. Current indurmt 


magnetic field, (2) you turn yourself so as to look along the lines of magnetic 
force , and (3) the wire (and you in it) is being moved to the rifht (Fig. 65), 
then you are swimming with the cur¬ 
rent induced in the wire; if the wire 
is moved to the left , the current is 
against you 1 . 

42. OalvanoBCopeg. (Cur¬ 
rent Detectors.) » 

The simplest form of galvano- 
scope is shown in < Fig. 66: it 
consists of a compass needle sur¬ 
rounded by a coil which carries 
tho current. Deflection of the 
needle may he explained either by 
tho “Corkscrew” and Ampere’s 
Rules or by considering the mag¬ 
netic field produced by the eur- 
Fig. 65. Current induced by motion rcn t j n the coil as due to a 
of conductor in Magnetic Field. ... .., .. , a 

magnetic shell with N. and gj. 

faces, repelling the corresponding poles of the compass needle. 




Fig. 66., 


Fig. 61. 


t For Fleming's ^ight-hand Rule see § 54: it is keel, however, for the 
beginner* V) sia.Sr Ampbre'i Rule, with it* exteiuione, before considering any 
other rule. 
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Fig. 67 shows a slightly more specialized type which the student 
may easily construct. 

Exp. i. To make a galvanoaeope (detector) which afterwards [Exp. iv, 
§ 45] ruay be calibrated as a galvanometer (measurer). 

Two strips of wood AB, Cl) are glued along the sides of a rectangular 


piece A'liCl) so kh to make 
a frame in which a magneto¬ 
meter ^leedle (Fig. 20) and 
case may be placed. Two 
wires, the one thick and in two 
turns of low resistance, the 
other thin and of many turns 
of high resistance, are wound 
round the frame in series as 
Bhown in Fig. 68 and attached 
to the three binding screws 
TiThe magnetometer 
needle is placed in the framo 
under either coil as the ex-* 
periment requires and its 
sensitiveness is increased by 
u^ of a control magnet SN 
which serves (1) to decrease 
the strength of the EartJj’B 
field or (2) to adjust the 
poiuter to the zero position be¬ 
fore current is passed through 
the coil. 

Bxp. 11. Try the effect of 
the current from one Leclanch^ 
cell on the magnetometer 
needle placed under each coil 
in turn, when the control 
magnet (a) is far removed, 

( b ) strengthens the Earth’s 



A C 

• Fig. 68. 


field, (c) diminishes the fofce of the Earth's field. Draw diagrams of the lines 


of force to explain all cases and record results. 

H .B. Do not “ short-circuit" the cell unnecessarily : use a plug or “ key ” 
to complete the circuit* remove the plug immediately the readings are obtained 
and remember to take the rnek'n of the readings at eacif eiukot th$j>ointer: 
avoid parallax error. 
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Bxp. 111. Kcpcat Eip. ii, using two LeclancM cells, (1) in teriei, (2) in 
parallel. Bccord your results. 

Railway Telegraph. 

A modified kind of current detector (galvanoscr^e) consisting 
of two coils wound in the same direction—a 
divided solenoid in fact—may be constructed by 
the student: the deflection of the magnetized 
needle, suspended between the two separated coils, 
is increased by each coil aiding the other. We 
may view the deflection in tho lights of Ampere’s 
rule, or from the stand point of two magnetic 
shells of opposite poles on either side of the needle. 
The common Railway Telegraph -(the old 
fashioned Post Office pattern) is an instrument of 
this kind ; the needle, weighted and pivoted%o as 
to stand upright when yet in use, is deflected to 
right or left according to tho direction of the 
current which is changed in direction by a com¬ 
mutator or by a “three-way” lever shown in 
Fig. 09 where the two halves of the battery are 
used separately but in opposite directions as the 
levef is switched to right or left. Two small gongs 
[G,, (?J of differen^notos are sounded by the upper 
part of the needle, the two notes corresponding to the dots and 
dashes of tho Morse code [§ 109]. 

43. Control of Sensitiveness. 

Besides tho method of control mentioned above where a bar 
magnet was introduced to reduce the force of the Earth's field, an 
astatic pair of needles [§ 22] mdy be used, round one or both of 
which the current-bearing coil is placed (Fi$s. 70 o and b). Such an 
instrument is often called au astatic galvanometer, although 
it does not measure current ' 

I. 

Torsion ( fmd» Spring control.^ In some forms of Galvano¬ 
meters, Ammeter and Voltmeters, the needle is suspended by a 



Fig.09. CC. Coil. 
GjO„, Stops. 
JfTr, Line wires, 
fl, Battery. L, 
Three-way lever. 
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wire the torsion o{ which not only servos to control the amount of 
deflection 4but also may be used to measure the current if the 
instrument is calibrated by a standard instrument. In other forms 
the magnetiled needle (or, as wo shall see later [§ 47], a suspended 



coil magnetized by the current itself and so taking the place of 
the needle) is attached to a hair-sprint/ which controls the swing 
by a method of suspension similar to that of the balance-wheel of 
watch. 

44*. Mirror Qabranometer. 

The angle of deflection of the needle may be more accurately 
measured by an optical method. Jn the Mirror Gahxmometer 
(Fig. 71) the needle is cemented to the back of a small circular 
mirror M which is suspended by a silk fibre at the centre of the 
coil AB. The angle of deflection 6 is measured from the amount 
of displacement of a beam of light \fhich is reflected from the 
mirror on to a scale D WK. The normal position of needle and 
mirror is in the plane of the coil and is obtained either by placing 
the coil in the magnetic meridian or by use of a control magnet 
At^he centre of the Scale D WK and at right angles to its length 
is an adjustable tube holding a lens at L and a cyoss wire at W. 
The scale is placed horizontalfy and parallel to the plane of the 
coil and, for purposes of calculation, either 50 oalOO scale divisioni 
from it. The lens is adjusted so that the image of the cross wire 
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which is fixed vertically across a hole at the centre or zero division 
o! the scale, is reflected back from the mirror and focussed on the 



i 


|K 

Fig. 71. Alt, Section of Coil with its plane in the magnetic meridian, 
i)/, Small mirror with needles attached as at .1/,. 


scale. In the normal or zero position a beam of light from a sou rift 

5 strikes tho mirror, M, normally and i# reflected back along 

itself. * 

Let the needles, i s. the mirror, be turned through an angle of 

6 radians, then the reflected beam will move through an angle 
of 2 9 radians 1 , and the path of the beam is IF MD, where WD is the 
displacement of the spot. 

Measure WD = (say) 3(?4 scale divisions. 

„ 1F37= „ 100 „ 

Then . tan 2d = ^=0-364, 

which corresponds to an angle of '3191 radian or 20°. , 

0= '1745 radian or 10°. , 

* * • 

1 See § 188, Experimental Science , Part I, PhysicB, Sect. V, Light. 




44-45] Tangent Galvanometer 7§ 

N.B. It will be found by calculation that, if the displacement 
is mall, (s»y) 20 scale divisions (where Slf = 100), 

tan 6 - 6 radians (in circular measure), 
or, in words* for small angles, the tangent of an angle equals the 
angle measured in radians. 


4$. Measurement of Current by deflection of a small 
magnetic needle at the centre of a circular coll placed 
in the magnetic meridian. 

Tangent Galvanometer. 

We know that (1) the intensity of the magnetic field of force 
(F) at the centre of a circular coil carrying a current is perpen¬ 
dicular to the plane of the coil [§ 411. 

(«) the force of intensity F deflecting 1 a small suspended 
magnetometer needle fr<gn the piano of the meridian through an 
angle 6 is given by the equation 

F = // tan 8 |§ 33], 

• It can be proved mathematically and confirmed by experiment 
that 


(3) 


F 


27rnC 
1 lOr 


where n = numbewof turns of coil 

r = radius 

C = current in Amp&res, 

I lenC ,, „ 

hence (4) j-y-- = H tan 0 ; 

10. H. r.. tan 0 . 

therefore (5) C = — - empires.. 

Assuiqjng this formula for the present (see Exps. pp. 77-8), 
let us construct an instrument called a tangent galvanometer for 

e 

l Remember F=the intedaitj* of the fleld of fore? an* is measured in 
dynes acting on a unit magnetic pole. 
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measuring electric current in amperes. Fig. 72 shows a vertical 
board or frame fitted with four circular coils, two ora each side, 
each connected to a pair of terminals. The number of turns and 
the radii vary. , C 


2 turns (n - 2) radius (r) = 7'G cms. thick insulated wire 
2 turns (n=2) j „ =10 eras. ; „ „ „ 

5 turns (n = 6) j „ = 10 cms. „ ,, „ 

100 turns (a = 100) „ =12-5 cms. ! fine 


A small shelf carries a magnetometer needle which must be 




‘ Fig. 72, 

adjusted at the centre of the particular coil usecl, the latter being 
placed wKh its plane in the magnetic meridian. A horizontal section 
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of a tangent galvanometer is shown in Fig. 73 which should be 
compared Vith Fig. 48. 


Bap. (i). To show tint tbs Intensity of the 

Field (F) at the centre of the circular coil of atangent 
galvanometer (a) varies directly as the number of 
turns n aud (6) inversely as the radius (r). 

Connect the pair of terminal of each coil, men¬ 
tioned below, of the tangent galvanometer (Fig. 72) 
in series with one or two Daniell’s Cells, having 
a key or plug in the circuit. Do not complete 
the circuit un^il you are ready to take the readings 
at each end of the magnetometer needle and obtained 
after tapping the glass gently. Disconnect immedi¬ 
ately after this is done. Enter your results as 
follows: 

a. To show that F «c n, use coils (2) and (3) which 
hav£ the same radius. 


IN 



>8 

. Fig. 73. 


Coil 

No. of 
turns n 

j 

Readings ! 

Mean de- ! 
flection 0 \ 

tan 0 

h'-U tan 0 

i 

Ratio Fjn= 

2 

n-2 

13° 15° 

.14° C. 

•249 ! 

F\ ~ -249 // dynes , 

•249///2=*12 

3 

| n=5 

30° 32° | 

•31° C. 

•601 

F. t =z *601 II „ 
is | 

■60177/5 = *12 


be 


To show that F « 


1 

r ’ 


turns. 


(2) and (1) which have the same no. o. 


Coil 

Radius=r 

Readings 

Mean de¬ 
flection 0 

s 

tan 0 

F=H tan 0 

Fxr=fc 2 

2 

1 

10 cms. ; 

13° 15° 

14»C. 

■249 

= '249 H dynes 

2*4977 

\ 

7-5 „ 

• 

18°*20° 

19° C. 

-344 

= *34477 „ 

2*5877 


N.B. More accurate results are obtained by inserting a oommntato 
[see § 62 at the end of this Chapter] between the galvanometer and battery 
four readings will then be entered in the 3rd column [of. § 27 (8))T 
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Bxp. (11). To find tho Current (Amptret) in a circuit, use Coil No. 2 and 
calculate the current by formula (5) above. • 

# „ 10 Hr , 

C = --— . tan B. 

* 2 mi f 

The factor 10Hr is called the reduction factor of the galvanometer. In 

2im 

this oase, Coil No. 2, 

r=10 oms. and n=2 turns 


. 10 x *19x10x7 

the reduction factor — - ^ ^ * t) 


then, if // = • 19 dyne, 
1*51 approx. 


.*. in Exp. (i) where the current caused a deflection of 14° 

C’ = l*51 x tan 14° , 

= 1*51 x *249 = 0*38 Ampftre approx. 

Find the current from two Daniell’s cells in series or one Bichromate 
Cell by experiment and formula, using coils (1), (3) and (4) and suggest 
reasons why the current should be less when Coil No. 4 is used. 


*Sxp. (ill). To show that the intensity of the field (F) ia proportional 
• to the Current .[Equation (3) above], i.<\ Fee C, see method of measuring 
current by rate of deposit of copper by electrolysis, § 61. 

Bxp. (iv). Calibrate the galvanoscope shown in Fig. 68 so that it may 
be used as a galvanometer, and prepare a graph deflection current. 

46. Electro-magnetic unit of Current. , 

The problem of investigating the strength of a magnetic field 
due to a current flowing in a straight wii»o is complicated by the 
fact that each element of the wire is at a varying distance from 
the unit pole placed at a particular joint in the field. Experiment 
proves that the force varies inversely as the distance (r) of the 

point from the wire, i.e. F a 1. 

If however we bend theVire into the form of an arc of a circle 
and place the unit pole at the centre of the circle then it is found that 
F oc directly as the length of the arc (/), 
oc directly as the current (c), 
oc inversely as the square of flie radius, 

i.e. F t 

1 Ic 

and we «m choose Ihe unit of current (c) so that F = . 

'■ Omit for first reading. 
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This unit is called the electro-magnetic unit of current, 

and may Ite defined in c.g.s. units as the current which flowing in 
a wire 1 cm. length bent into the arc of a circle oj 1 cm. radius 
exerts a foi^e of 1 dyne on a unit magnetic pole placed at the 
centre of the circle — i.c. the current produces a field of unit in¬ 
tensity at the centre. 

Current expressed in “e.m.” or absolute c.g.s. units is indicated 
in thfs book by a small c. This unit is too large for practical 
purposes: 

the practical unit— the amp&re = “k.m.” unit. 


Amperes are expressed by a large C. 

The force (P dynes) on unit pole placed at the centre of the circular coil 
of a tangent galvanometer, of radius r and n turnB, is obtained thus: 


l.c 


dynes, where c is in “e.m.” 


or absolute units 


27rni. c 


= —„ [see note below] 

,, where C is in amperes. [Sec also § 79.] 
lur • 


47. Ammeters or Ampfere-metera* 

By means of a tangent gs(yanometer connected in scries with 
any other instrument for measuring current we can now tabulate 
scale readings on the latter corresponding to amperes measured 
by the galvanometer: this process is called calibration. From 
these observations we can construct a graph 

ampcrcs/scale readings. [Cf. § 45, Exp. (iv).] 
Current measuring instruments are called ampere -meter* 
(ammeters) and are chiefly of three types—(1) “ moving-magnet,’’ 
(2) “ movigg-coil" (3) ‘‘moving-iron.’’ 

Note. Force for unit length of coil a \. 

k ' • ^ 

* 2rr T 

Total force at centre of circular coil a ae -. 

• f* r 
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(1) A moving-magnet ammeter is showu in Fig. 74 a 


c 



Fig. 71.r. 


where, suspended inside the current-hpuring coil, a permanent 



f 


Kg. 746.. 


magnet with pointer attached 
is deflected by the magnetic 
held created by thecurrent. This 
is clearly a modification of the 
tanymit t/alvanmneter. Acontrol- 
niagnet for neutralizing the 
Earth's field increases the sensi¬ 
tivity. 

(2) A moving-coil am¬ 
meter is Bhown in Fig. 74 6 
and the type is explained by 
Figs. 75 a and b. The current, 
or rather a small but known 
fraction [see §71, Shunts], to be 
measured enters at the terminal 

and passes dowii a wire of 
phosphor brenze which suspends 
the coil and thence through a 
control hairspring [§ 43] to the 
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terminal T,. The plane of the moving-coil is set, for the zero 
position ofsthe pointer 1 , in the plane of the field between the poles 
of a strong permanent magnet NS, concentrated by an iron ore 
within but tot touching the coiL When the current flows, the 



AB, Scale, reading amperes. D t Soft iron core. K, Brass support. 

coil moves across the lines of magnetic force due to the permanent 
magnet [§ 41 (a)] being acted on by a couple which opposes the 
torsion of the hair-spring and phosphor bronze suspension. When 
equilibrium is established, it it* found that the deflection is pro¬ 
portional to the curren^ 

lisp. Ttys principle of the moving-coil galvanometer ipay be Bhown by 
pawing a current from two Bichrotnate Cells through a small ooil of fine 

t 

1 In the most sensitive mfcro*mmeters the deflection *is meuured by 
means of a mirror attached to the phosphor bronze^suspension. [§ 44.J 

6 


re. 



82 


Ekctricity and Magnetism [ch. iv 

(No. 36) inaulated Copper wire of about 200 turns suspended by one of its 
terminal wires round which the other is wrapped loosely. The? coil iB hung 
Vith its plane in the direct field between the N- and S-poles of. a permanent 
• magnet. (Fig. 70.) 

• * 

(3) Moving-iron ammeter. The main feature of this type 
is a hollow coil of thick wire carrying the current which, by 
creating a strong magnetic field, magnetizes a moving piece yi soft 
iron within the core. In Fig. 77 a soft iron lever, to which a 
pointer with compensating weight or spring is attached, is sucked 



Fig. 7G. A, Commutator. £, Battery. Fig. 77. AB, Coil. C, Counter¬ 
ed Coil of 200 turns. /), Support. , poise. L, Soft iron lever. 

MM, Permanent magnet, strengthened P, Pointer. S, Scale, 

if necessary by supplementary current. 

• 

in towards the centre of the core; A section of another kind of 
moving-iron amo\pter is shown in Fig. 78. Tfie moving-iron rod 
A, fixeff in a frame and pivoted on a spindle shown in section at 
0, is magnetized and repelled by a similar but fixed iron rod B. 
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# 48. Fields of Force, Lines of Force and Magnetic Finn. 

We hav§ already defined a field of unit intensity [§ 31]: a unit magnetic 
pole placed in such a field is moved in the direction of the lines of foroe 
with a force ^>f one dyne. We may imagine a sheet of paper to be placed 



Fig. 78. Section of coil and iron rods. The arrangement of the compensating 
% rod, C, is shown on the right. 

perpendicular to the direction of the lines of force (Fig. 79) and divided into 
square centimetres whichjhave unit poles at their centres. If tho field iB of 
unit intensity we can describe the total force acting across 
1 sq. cm, as 1 line of force per sq. cm.: in a field of intensity 
(say) 7, each of the unit poles wou]^ be acted on by a force 
of 7 dynes, or we could say that there were 7 lines of force 
per sq. cm. If the total area were (say) 10 sq. emu. then 
there would be 10 x 7 lines of force across the whole area 
or, to use a new phrase, the total magneticHux would be 
70 dynes per total area. 

In the case of a unit pole placed at the centre of a 
sphere of unit radius (1 cm.), the # total flux across the 
surface of the sphere is found by considering the force on 
a unit pole at the cental of each sq. cm. of the surface 
at a distaq^c of 1 cm. from the unit pole placed at the 
centre of the sphere. The force tfn the unit pole at the* 

•urface of the sphere lb one dyne. Therefore, since surface of sphere=4wr 8 , and 
r=l cm., the total flux is 4* dynes; if the strengtlfof pole atjjentre=m 
units the total flux would be 4*m djmaa. 

* Omit for first reading. 
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49. Permeability. 

, One of the most interesting facts observed in this Chapter is 
.the increase of intensity of the magnetic field caused by the 
insertion of an iron core inSo a solenoid or other current-bearing 
coil [§ 40], 

We can compare the intensities of magnetic fields by a mag¬ 
netometer, remembering that 

A’octun 0 . .[§ 3?J]. 

Suppose that the intensity is found to be (say) 5 lines of force 
per sq. cm. before the iron is inserted in the coil, andjjsay) 10,000 
after insertion; it is evident that iron is more permeable to lines 
of force than air is in the proportion of H|il, i.e. 2000 times more 
permeable, or, in other words, the permeability of iron is 2000 
times greater than that of air, when the intensity of the field of 
' magnetization is 5. 1 

. . intensity of field after insertion of iron 

original intensity ot magnetizing field 

measures the permeability of the iron. 
It the magnetizing field is of intensity H lines per sq. cm. in air( 
and after insertion of the iron there are B j „ „ iron, 

steel, etc. • 

and the Permeability is represented by p, 



For Exps. see § 50. 

50. Magnetization—Magnetizing Force—Hyztere- 
zla. - - 

Xxp, (l). To prom that the Intensity of the field duo to a current 
Phasing through a solenoid Is proportional to th^ strength of the current. 

A solenoid (S, Fig. 80), made by winding No. 28 insulated copper wire 
closely round a glass tube 1 [i" x 1'], is connected in series with a 4-volt 
accumulator or two bichromate cells (£), a oarbon-oojper-sulphate resist- 

1 Secure the qpds of the wire by india-rubber ringB wound on both the 
glass and The wire. v 
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ance (JR) [§ 69], a commutator (C), and a tangent galvanometer (G). 
A magnetometer ( M ) is used to measure 
the intensity of the field. Then it will 
be found % 

Intensity of Field _ 

Strength of Current “ 

tan L of deflection of Magnetometer 
tan L of deflection of Galvanometer 
• =a constant. 

Take 3 or 4 sets of observations, vary¬ 
ing the resistance for each set. The 
mean of four deflection readings must 
be taken for each instrument—two at 
each end of the pointer and these re¬ 
peated after the current is reversed. 

Tabulate your observations and 
show that the above ratio is constant; ^ 

also* draw a graph, plotting the corresponding values of the two sets of 
tangents 1 . • 



Exp. (11). To prove that the Intensity of the field due to a current 
pasting- through a solenoid is proportional to the number of turns of 
|he coil per unit of length along the solenoid. 

Prepare a second solenoid of exactly the same dimensions as the first 
[Exp. (i)] but use No. 25>wire. Replace the galvanometer with this second 
solenoid. Count the number of turns in each and divide by the corresponding 
length of each solenoid. Take deflection readings of the magnetometer, without 
altering the total resistance of th| circuit, for each solenoid in turn in the 
exact position (S) shown in Fig. 80. Enter your results aB follows: 

Length of solenoid No. 1, 11 cms. No. 2, 11 cius. 


Solenoid 

Turns (n) 

Deflections 0 

Jfean 6 

tan 6 

Ratio 

Wire 


E. 

W. 



n 

1. No. 22 

20 

12-5 

13-5 

13° 

•231 




12 

’ 14 




2. No. 28 

41 

23-5 

26-* 

26° 

•466 


• 


24 

. 


• 



1 In all these experiments care should be taken to $lace the solenoids as 
far as possible away from the* magnetometer or galvanomefcr which it is not 
intended to affect. 
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Having shown that the magnetic intensity of a field is pro¬ 
portional to the current, we may use the same method f«r showing 
the degree of magnetization induced in a piece of iron in relation 
*to the magnetizing force produced by a current. We Shall obtain 
a measure of the former by the magnetometer and of the latter 
by the tangent galvanometer. By placing a soft iron core within 
the solenoid [ Kxp. (i)] and by gradually increasing the current from 
zero to a suitable maximum, then diminishing the current gradually 
until it becomes zero, afterwards reversing it until a corre¬ 
sponding maximum is attained but with the current Rowing in an 



opposite direction, and finally on diminishing the current to zero 
and ultimately increasing it to its first maximum, a series of two 
sets of observations will be takon from which we can plot a curve 
corresponding to Fig. 81. * 

» 

Exp. (111). To Investigate the magnetisation (magnetic lnduotlon) 
of Iron and lt« relation to the current producing the magnetising force. 

An unmagnetized 1 rod or a bundle of wires made of spft iron about 40 cms. 

1 Demagnetize thelron if necessaryby ( 4 } hafumering or (b) passing suitable 
current through wire wrapped round one end: test with oompasa needle. 
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long is placed in a long solenoid the end of which is placed about 20 cms. 
from the m^netometer needle (Fig. 80). The coil is connected in series with 
a tangent galvanometer or ammeter through a commutator to the source of 
current 1 a suitable resistance being placed in the circuit [see Exp. (i)]. PasB 
a Bmall current and note the readings of ihe tangent galvanometer and 
magnetometer. Increase the current gradually taking readings until a maxi¬ 
mum is reached (OP A , Fig. 8i). Then decrease the current gradually to zero 
( AQC , Fig. 81). Next reverse the current by the commutator and increase 
the current gradually, taking readings as before, to a maximum {CIVA') and 
continue until the cycle is complete (A'C'IU). Tabulate your results as 
follows: 


Reading 

• 

Tangent Galvanometer 
Magnetizing Force cc 
current cc tan 5 

Magnetometer 
Magnetic Induction 
ac tan 0 

Corresponding 
position on 
Curve, Fig. 81 


8 

| tan 5 

0 

tan 6 


1 

0' 

0 

0° 

0 

O 

2 

36" 

•727 

13° 

■231 


3 

54-5° 

1-4 

24° 

•445 

P 

4 

62° 

! 1-88 

28*5° 

•543 



73° 

! 3-27 

35° 

■700 

A 


62° 

1-88 

33° 

•649 


7 

54-5° 

i 14 

32° 

•625 

Q 

8 

36° 

! 1,727 

29“ 

•554 

9 

0° 

0 

21° 

•384 

c 

10 

32° 

•625 

()" 

0 

W 

11 

49° 

115 

19° 

•344 


12 

58° 

1*6 

* 28° 

•532 


13 

62° 

1-88 

30-5° 

•585 


14 

73° 

3-27 

35° 

•700 

A' 

15 

51° 1 

1-24 

31" 

•601 


16 

31° 

•001 

nr , 

•344 


17 

0° 

0 

16-5" 

■296 

c 

18 

10° 

■267 

0 J 

0 

B 

19 

34° 

675 

8° 

•141 


20 

53° 

1*33 

24° 

•445 


21 

6fi° 

2-15 

* 31° 

•601 


22 ' 

73° | 

•3-27 

35° 

•700 

A 


Plot the curve corresponding tef these observations. 


t If the main supply is used *ith an ammeter in oifeuifra lamjyesistance 
[§ 89] is suitable. 
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It will he seen from readings Nos. 1-5 that the magnetizing 
force has been increasing to a maximum, with the nfoximum of 
magnetic induction. At A the curve becomes almost horizontal 
showing that the iron is nearly saturated magnetically. Readings 
Nos. 5 to 9 show a lessening of the magnetizing force until at 
No. 9 it becomes zero, nevertheless the magnetic induction lags 
behind and is shown by a deflection of 21° of the magnetometer. 
Reading No. 10 shows that the reversed magnetizing force has 
increased, but the rod has only just become demagnetized—again 
a lagging behind of the magnetic induction. The student should 
note the readings Nos. 14, 17, 18 and 22, especially the corre¬ 
sponding but reversed points A' and A, the completion of the 
cycle, und also the lagging at C and II. The Greek word ioWpijo-« 
means a lagging behind, hence this curve is called a hysteresU 
curve. 1 

51. Theory of Magnetism. 

A magnetic field always exists where electrons are in motioij. 
but not where electrons are at rest: it has therefore been suggested 
that in the atoms of iron, nickel and othej magnetic substances, 
electrons are revolving or moving in orbits. It is supposed that 
electrons by their motion produce stresses and strains in the 
surrounding ether which constitute a magnetic field. On this 
hypothesis, each atom of (say) iron is itself a magnet possessing a 
N- and S pole; when a piece of iron is placed in a magnetic field, 
these atomic magnets aligrf' themselves with opposite |>oles more 
or less facing each other until ultimately, as the magnetizing 
force increases, magnetic saturation occurs. 

When the magnetizing force it removed, soft iron, in which 
the atomic structure is supposed to be elastic, relapses into its 
former conditiop of indefinite arrangement of the atoms*; but stesi 
being more rigid retains its magnetism, until it if heated to bright 
redness, when tjfie atomic structure is loosened under the vibration 
producetTat the high temperature, 



Commutators 
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Sxp. (1). Cut a fine steel wire, previously magnetized, into small pieces. 
It will be fqpnd that each fragment however Bmall still possesses N- and S- 
poles. ' 

B*p. (U). test-tube filled with steel filings is corked arid placed in the 
magnetic field of a solenoid; on removing the magnetizing force the tube is 
still found to be magnetic; if however the filingR are tipped out of the tube, 
shaken and replaced, the tube no longer exhibits magnetic properties, 
although we must assume that each particle of steel is still a magnet. 

• 

Exp. (111). Try whether a previously magnetized steel pen retains its 
magnetism after it has been strongly heated in the blow-pipe flame. 

• 

62. Commutators are used for reversing the direction of 
the current without disturbing connection with the supply of 
electricity. 

(») The "jilug” commutator shown in Fig. 15 is the simplest 
type. Explain by a diagram how it should connect a battery with 
a galvanometer so that the current in the latter is reversed. 

(ii) The “square" commutator shown in Fig. 82 possesses four 
lioles, sunk into an ebonite base and filled with mercury, at the 
corners of a square ABCD. Each hole is connected to a terminal 



Fig. 82. 


screw: adjacent syews may be joined by inserting the insulated 
pairs of bent wires shown (dotted) in the ebonite sl$b on the right 
of the figure. 









90 


Electricity and Magnetism [ch. iv 


(iii) Ruhmkorff’s Commutator (Fig. 83) is fitted with four 



terminals, one at each corner of an 
ebouite base: adjacent pairs are 
connected in turn by f rotating the 
handle through 180°. 

(iv) A “ tapping ” commutator 
of a simple type, which also may be 
used for signalling in the < Morse 


Fig. S3. 

is shown in Fig. 84, 


code either on the direct or on 
the reversing-current system [§ 42], 
The student should construct one of these 


commutators and also try to design other forms. 



Fig. 84. 

The top two terminals are connected to the instrument, the lower two to 
the battery or line circuit. The tapping levers rega in contact with the middle 
bar. but this contact is broken by depressing either lever which is then eon* 
nected to the lo*er bar with its terminal on the left-hand side* 
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Questions on Chapter IV 

1. DescribcJexperiments to illustrate the magnetic effects due to (u) a 
straight current, (b) a circular current, (<*) a current passing through a solenoid. 

2. State a rule for finding the direction in which a single magnetic pole 
would move round a wire carrying a current. 

A current is flowirig along a wire between the two unmarked poles of a 
storage battery. What method would you adopt to find (a) the direction of 
the current, (b) the positive pole of the. battery? 

3. Two currents, in parallel wires, pass through the points A and 11 in a 
downward direction perpendicular to the plane of the paper. Draw a careful 
sketch showing the direction of the lines of force due to each current and 
state what conclusions you would form regarding the action of the currents 
upon each other. 

4. Equal currents flow along two straight insulated wires in the same 
plane*and crossing at right angles at the point 0. Determine the direction 
of the magnetic force at four joints A , 11, C, 1) equidistant from 0 and each 
on a bisector of the anglcB between the wires. 

5. What do you understand by the term “ magnetic shell ”? 

% Draw a careful sketch of a flat coil of wire carrying a current showing 
(a) the position of the magnetic poles produced by the current, (6) the direction 
in which the coil would tend to move if freely suspended in the Earth’s field. 

6. You are given a cigar box, a small compass rwedle and some insulated 
wire. Carefully describe how you would proceed to make a simple form of 
current detector. What further steps^vould you take to render your instrument 
suitable as a direct measurer of current? 

7. Make a sketch of a Tangent Galvanometer and briefly describe its 

structure. # 

(а) Why is it necessary for the coil to be in the plane of the magnetic 
meridian ? 

(б) If the coil, when carrying a current, is considered as a magnet, what 
is the direction of the magnetic axiw? 

(c) ^Why can a permaq^nt deflection of 90° never be obtained? 

(d) What is meant by the Reduction Factor of the Galvanometer and on 
what feature of the instrument do^s it depend ? 0. L. J. 4920. 

8. A Tangent Galvanometer is set up with the aluminium pointer in the 
plane of the coil. No deflection is^bserved when a currtnt is passed through 
the instrument. Why is this ? 
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9. Hpw would you experimentally determine the Reduction Factor of a 

given Tangent Galvanometer ? * 

* Two batteries respectively give deflections of 10° and 20° when currents 
from them are passed separately through a given Tangent^Galvanometer. 
What deflections will be recorded if the current from each battery is doubled? 

10. What are the currents in amperes from two cells which respectively 

give deflections of 13°, 20° in a Tangent Galvanometer of 5 turnB, radius of 
ooil 10 oms., //=-18? t f 

11. Define [a) the eleotro-magnetic unit of current, (6) the practical unit 
of current. 

The galvanometer in Q. 10 is fitted with coils of 5 tu^ns and 50 turns 
respectively. It is used for currents which give deflections between 3° and 60°. 
Determine the greatest and least currents it will measure. Give their strengths 
in (a) k.m. units, (b) amperes. 

12. A current, passing through a Tangent Galvanometer, gives a deflection 
of 5° when a single turn coil is used. What deflection will be recorded when 
the ourrent flows through a coil containing 50 turns? 

18. A light flexible cable, of insulated wire,Connected to the mains, carries 
a current whoso direction and strength are required. How would you proceed 
to determine these values without stopping the current or scraping the wire? 

14. Describe with careful sketch an Astatic Galvanometer and explain'its 
great sensitiveness as a detector of current. ^ 

o 

15. Give a detailed description of (a) a mirror galvanometer, ( b ) a sensi¬ 
tive moving-coil galvanometer. Which would you prefer to use and why? 

16. What is meant by the ssnsltivsnsss of a galvanometer ? How is the 
sensitiveness varied by the use of a controlling magnet? 

17. Define “intensity of magnetization,” “permeability.” 

Describe an experiment to determine how the intensity of magnetization 
in iron varies with the magnetizing force. 

18. What do you understand by the term “hysteresis”? 

Draw typical hysteresis curves for (ql soft iron, (b) steel, stating the facts 
which may be deduoed from the study of the curves. 

19. Draw a careful sketch of a simple form of commutator, explaining its 



CHAPTER V 

INDUCED CURRENT 

53. Motion of a current-bearing wire in a magnetic 
field.* 

The student should refer to § 41 (a) and recall the converse of 
Ampere’s Rule whereby the direction of motion of a current-bearing 
wire free to move in a magnetic field of force may be remembered. 
A few experiments illustrate this rule. 

Exp. (i). A strongly magnetized bar NS (Fig. H5) is fixed in a cork which 
fits tightly into a small copper vessel'. Mercury ib poured into the vessel and 
partially snpportB a thick piece of wiro wb ich is hung by a thin copper wire from 
a wooden stand. The wire and the vessel are connected to the poles of a 


OUUi- — 



Fig. 85. Fig. 86. 

battery of 8 Bichromate Cells, so that the current passes up the wire which 
will now rotate round Ihe magnet in a counter-clockwise direction. Imagine 


1 A copper caloriiifeter serves the purpose. J 
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yourself swimming with the current up the wire with your back to the magnet 
looking in the direction of the lines of force: the wire is continually urged to 
*your left. Reverse the direction of the current and note that the wire moves 
round in the opposite direction. 

Exp. (it). Barlow’s Wheel. An eight rayed star (Fig. 86) cut out of metal 
is supported on a horizontal axis so that it can rotate with the ends of the 
rays just’dipping into a mercury trough placed between the poles of a strong 
horse-shoe magnet. If current is now passed from the terminal + which is 
connected to the mercury by a wire the wheel rotates in a counter-cfockwise 
direction if the near pole of the magnet is a N-pole. 

*Exp. (lii). Electric-motors. [See also § 100.] In Fig. 87 a coil of wire 
free to rotate about a horizontal axis and between the poles of a fixed magnet 
is shown, and arrows indicate the direction in which a current is passed 
through the coil. According to the converse of Ampere’s Rule referred to in 
Exp. (i), the coil will rotate until it is at right angles to the plane of the 
paper: by its momentum however it will rotate past this angle and will be 
brought back to rest after rotating 90° unless the current in the poil is 
reversed every half revolution. This reversal of the current in the coil is 




effected by the “ split-ring” commutator shown on the right of Fig. 87 and 
described fully in § 95. The field magnets are wound in serieB with the 
ooil and therefore actuated by*the current passed into the motor. Fig. 88 is 
a diagram of the lines of force round a conductor in a magnetio field. It 
shows the lines of force crowded together above the section of the wire and 
separating: this connotes repulsion (Fig. 35). The + sign indicates that the 
current is passing down the wire through the paper, hence the wire is urged 
in the direction of the lower arrow. [Converse of ^mp^re’s Rule, § 41 (a).] 

The consideration 01 the lines of force around a current-bearing 
wire in a magnetic field and the consequent moving of the wire, 

< 

* Omit pntil after reading § 95, the Dynamo. 
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brings us by a natural sequence to the question of the forces 
between t^o conductors placed alongside of each other. Each, 
possesses a magnetic field. 

(i) If the current is in the same diVection in two parallel 
conductors the lines of force run into each other (Fig. 89 a) and 
consequently there is attraction (Fig. .'I t). 



attraction repulsion 

. (a) Fig. 89. (b) 

(ii) But if the current in the two parallel conductors runs in 
opposite directions, the lines of force avoid each other (Fig. 35) 
indicating stresses in the ether which cause repulsion (Fig. 89 4). 
• Another method of regarding the force (i) of 
attraction (/’_,) between 
the tame direction andj( 
opposite directions is t< 

Ampere’s Rule in the li 
C are parallel current¬ 
bearing wires: the lines 
of force are shown for 
A which is considered 
fixed; the reactions be¬ 
tween the wires are 
however mutual. 

Xlxp', (tv). Boast’s 
Jumping StflraL A spiral 
of insulated wire is wound * Fig. go. Fig. 91. 

loosely round an iroft rod 

which is clamped into a stand as ahown in Fig. 91. The spiral is fixed to a 
supporting terminal T, at the top; the lower end^ which is weighted, ends 
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in a pleoe of platinum wire which just touches a cup of mercury connected 
to the terminal jP 9 . On passing a strong current through Hie spiral the 
'parallel wires are attracted and the current is broken at the mercury, but 
oontact is renewed immediately, by gravity, and the spiral contracts again. 

54. Indu ced Current. Conductor cutting magnetic 
line* of Force. 

In § 41 (/<) it was shown that, by Ampere’s Rule extende ( d and 
applied, by aid of Newton’s III Law 1 , to the case of a conductor 
moved across a magnetic field, wo could understand the production 
of an E.M.F. (and hence a current) in the conductor qnd determine 
its direction. Such a current is called an induced current. 

We shall find that although there are several ways of inducing 
a current in a wire, yet there is only one fundamental cause, 
vis. the changing of the magnetic field in the. neighbourhood of the 
conductor. 





Induced current 
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Exp. Tg show that an electro motive force (ami hence a oorrent) ia 
produced in a conductor which ia moved aerosa the linee of foroe of a 
magnetio field 1 . 

% 

N and S are the two polea (enlarged for°purpogea of the diagram) of a 
strong electro-magnet (Fig. 92). ]V is a wire with its ends in circuit with a 
remote mirror galvanometer (t») or a milliamineter. The wire, IF, is moved 
rapidly downwards in the direction of the arrow M. The magnetic lines of 
force are in the direction F, and the galvanometer indicates that an induced 
current is produced in the direction of the arrow C. If (1) the polarity of 
the field magnets is changed or (2) tluf wire is moved upwards, the direction 
of the current iff reversed. Apply the extension of Ampere’s rule [g 41 (5)] in 
order to predict the direction of the current , oh use Fleming’s Bight-band 3 
Buie: point the Tore-Finger in the direction of the lines of Force of the 
Field (F), and the thumb in the direction of the motion (.17) of the wire, 
then the second finger held at right angles to the plane of the thumb and 
fore-finger points in the direction of the induced current. 

• 

55. Current induced by changing the field. 

Exp. (i). Try the effect of keeping the wire stationary between the poles, 
and then (1) suddenly produce a magnetic field (F) by switching on the 
current in the electro-magnet circuit; (2) break the current. The result 

reveals the fact that a current ia produced in the wire (W') only when the 
lines of force across the u&re are changing, i.e. increasing or diminishing; 
the currents in the two cases are in opposite directions. 


Induced currents in parallel wires. 


Exp. (ii). ltemove the electro-magnet and replace it by a wiro stretched 
parallel and close to W hut not touching it. Switch ou a strong current: the 
galvanometer gives a kick in one direction as before [Exp. (i)] and then returns 
to its first position. Break the current: the galvanometer kicks in the opposite 
direction and comes to rest in its first position. Again the deduction is made 
that a current is induced in the wire IF when the magnetic lines of force, 
caused by the current passed through the parallel wire, are changing. This 
exp. maj be varied by (a) bringing the parallel current-bearing wire up to IF, 
and ( b ) removing it. 


1 This exp. is amjiified in § 95, the Dynamo, under the heading “ Earth 
Induotor.” • - 

1 The writer’s advice to teacher! of beginners is to leave Fleming’s Left* 
band Buie alone. • 


B.X. 



98 


Electricity and Magnetism [ch. v 

86. Effect of increasing or decreasing the magnetic 
lines of force through a coiled wire. 

There are three simpje methods of creating ai»*inerease or 
decrease of a magnetic field within a coil: 

(a) bringing up to or removing a magnet (or an electro-magnet) 
from the fixed coil; 

(4) switching on or off the current of an electro-magnet placed 
opposite or within the fixed coil; 

(c) turning the coil so as to receive more or less magnetic lines 
of a fixed field. 

Before reading the descriptions of the following experiments 
the student should treat the above statements as problems and try 
to devise. methods of demonstrating their truth for himself. He 
would thereby re discover Faraday’s groat discoveries of the Real's 
1830-32 about inducod currents. 

Bxp. (1). To demonstrate (a) above. 

The arrangement is indicated in Fig. 93, where the N-pole of a bar magnet 
is brought rapidly up to a coil of (ray) 100 turns of thin wire oonneoted t<fa 



Fig. 93. 


mirror galvanometer or a miaroammeter placed at a considerable distance 
away from the disturbing field of the moving magnet. 

Substitute an electro-magnet for the bar magnet. 

Observations. (1) The current as indicated by the movement of the 
galvanometer is induced in the coil only when tlje number of lines of foroe 
entering or leaving the coil is changing. 

(9) The twodndnoed currents are in opposite directions. 

(3) The direotion of the lines of force cansed lpr the induced current’ 
opposes the direction of the lines of force of tire magnet which causes induction, 
Apply flbwton’s Ill Law, via. “To every action there ia an equal and 
contrary mastion.” * 
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*xp. «), To demonstrate (6) above. 

Fig. 94 shows the arrangement. Two coils A and B, of about 100 turns 
eaoh, are first placed opposite to each 
other, A' s external diameter being, for 
experimental purposes only, less than 
B' s internal diameter. A the primary 
coil is connected to a battery with a 
key K i$i the circuit. Ji the Mcondary 
coil is connected to a remote sensitive 
galvanometer G. 

Obaervatlozu. (1) A current is induced in B in one direction when the 
circuit in A is completed or “made” at K, and in the opposite direction when 
the current in A is “ broken.” It is during the “ making ” and the 4 4 breaking " 
of the primary circuit that the lines of force are changing and the opposite 
currents are induced. 

(2) Carefully note the direction of winding of the two coils and the direction 
of curqpnt, hence by Ampfiro’s Rule find the direction of the lines of force. 
It will be found that the induced current (secondary] creates a field opposing 
that of the primary circuit, [dt. Exp. (i) 9.] 

Repeat the exp. with the coil A within the coil B. 

Exp. (ill). To demonstrate (c) above. 

* Place the coil B with its plane in the direction of the lines of force between 
the poles of a strong electro-magnet (Fig. 92). Rotate the coil about a vertical 
axis (I) through an angle of 180°; then (2) through another 180° until the 
coil has resumed its firgt position. There is an induced current in each half 
of a complete rotation but the two have opposite directions. Explain this 
firstly by the increase and decrease ef the lines of force entering the coil; 
and secondly by Ampere’s Rule extension or by Fleming’s Right-hand Rule 
with reference to a conductor cutting through lines of force. [See Earth 
Inductor, § 95.] # 

Effect of introducing Soft Iron into the Coils. 

Repeat the induction experiments, introducing a soft iron core 
or bundle of soft iron wires into the coils or solenoids used. 
Owing to the high pernpability of iron, the change in the number 
of lines of force is greatly increased by the introduction of the 
soft iron core with a consequent great increase in {he secondary 
currents induced OEPboth “making” and “break^g” the primary 
circuit. This is especially noticeable in Exp. (ii), lattA partfVhere 
the coil A is placed within the coil B : in tllis experiment it is 

7-2 
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evident that the induction depends not only (i) on ttye change in 
the number of lines of force but also (ii) on the rapidity with which 
the change takes place. , 

57. Laws of Induced Currents. 

It is well to bear in mind that the current in the secondary 
coil depends upon the resistance. A secondary coil of fine wire of 
many turns will furnish a very small current but at high pressure 
(E.M.F.). Hence in stating the laws of Induced Currents it is best 
to consider the rather than the current in the secondary coil. 

The induced a.st.r. in the secondary coil is proportional to: 
(i) the number of turns and (ii) the rate of change of the number 
of lines offorce. 

Lenz’s Law. The direction of the induced current is such 
that it produces lines of force which oppose the lines of' force 
causing the induction. [This follows ftoin Newton's III Law.] 

58. The Induction Coil is an elaboration of the apparatus 
used in § 5G, Exp. (ii), where one core (the primary) was placed 
inside another (the secondary). The primary coil (Fig. 95) is 
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of thick w^re wound in (say) three layers round a core of soft 
iron wires. The secondary is fine insulated copper wire 
(No. 36) wojjnd in layers and sections insulated from each other, 
and terminates in two adjustable knobs between which the spark 
travels. The primary current from a battery passes from 1\ through 
the coil to the contact breaker, a spring vibrating on the same 
principle as the hammer of an electric hell, and thence through a 
commutatur to the terminal 7b which is joined to the battery. 
A condenser [i; 91], consisting of layers of tin-foil separated by 
paraffined paper, is inserted with one of its two sets of plates on 
either side of the gap of the contact breaker. The condenser acts 
as a kind of reservoir into which the electrons forming the primary 
current flow when contact is “made” and in which they surge to and 
fro when contact is “ broken.” The billowing process take’s much 
longer than the surging rush that follows the “ break,” for when 
the current is “ broken,” it not only ceases to flow in its original 
direction from the battery, but actually flows back from tho con¬ 
denser in the opposite direction. The induced e.m.f. in the 
secondary varies with the rate at which the current in tho primary 
is changing [§ 57], and therefore, since the “make” is relatively 
slow, the induced E.M.f. is smaller at (lie “make” than at the 
“ break ”: in fact the spark gap may be lengthened so that no 
spark jumps the gap at the “jnakc,” hut only at the “break.” 
The current in the secondary across the gap is then ill one direction 
only. The condenser also prevents excessive sparking at the contact 
breaker by acting as a sort of sponge-lilte buffer for the reception 
of electrons as they surge backwards and forwards, filling and 
emptying the reservoir at the “ make ” and “ break ” [jj 91].. 

59. Transformer! are modified induction coils. 

We shall learn later [§ 98] that high pressure alternating 
currents can be carried long .distances more economically than 
low pressure ones# Transformers are. generally used at various 
places along the main cable to change the altematVhg turrenj Jrom a 
higher to a lower voltage. Such transformers aqp called “step-down” 
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transformers, but a “step-up” transformer is used where the 
.reverse process is needed. If the core of an induction coil were 
bent into the form of a closed ring and an alternating current, 
a stream of electrons rushing or surging first in one direction and 
then in the opposite direction, were passed through the primary, 
a corresponding alternating current would be induced in the 
secondary with each change of direction of the magnetic lines of 
force through the ring. The E.M.F.in the two coils is in proportion to 
theirrespective number of turns (n), i.e. 
Voltage In primary. = n,, ri ,„ w 
Voltage in secondary n"„ d .,’ 
Fig. 96 gives a diagrammatic view 
of a transformer: the coils however may 
extend round the whole core which is 
usually made of .thin plates (laminae) 
of soft iron "and is either rectangular 
or circular. 



Questions on Chapter V 

1. Describe simple experiments and state rules to illustrate (a) the motion 
of a magnetio pole round a wire carrying a current, (6) the motion of a 
current-bearing wire in a magnetic fieldj 

8. A current passes down a wire perpendicular to the plane of the paper. 
How would this wire move under the influence of a magnetic field whose 
direction is parallel to the to^of the page from left to right? 

S. A wire, coiled round the edges of this page and pivoted about a vertical 
oentral line down the page, carries a current flowing in a clockwise direotion. 
Clearly explain the motion which ensues under the influence of a magnetio 
field whose direction is from left to right parallel to the lines on this paper. 

4. An eleotrio oar travels due E. with the dbrrent flowing downwards 
through the trolley pole. State (a) the direction in which a N-pole would 
tend to move round the trolley pole, (0) the direction in which the trolley 
pole would tend to move in the earth’s field, (c) the direction of the current 
induoed, fu the tuollSy pole when the oar h travelling downhill with the main 
ounefit switched oS. > 



5. Describe the action of Barlow’s wheel, drawing a careful sketch. If 
the battety*is removed and the circuit completed, what is the effect of 
meohanically rotating the wheel? 

6. Two ffltt coils are placed parallel to one another with their faces close 
together. State what effects the coils will exert on one another when a 
current is passed (a) in the same direction, (ft) in opposite directions round 
the coils. Illustrate with suitable diagrams. L. M. 1920. 

7. ® A current from a battery flows along two horizontal parallel wires, 
the circuit being completed hy a straight wire resting perpendicularly across 
the parallel wires. State the directioruin which this wire would tend to move 
and explain by^aid of a diagram. 

8. Describe some simple experiments which illustrate the production of 
induced currents and state clearly the laws giving (a) the direction of the 
induced current, (b) the magnitude of the induced e.m.f. 

9. State Lenz’s Law. A flat circular coil is connected to a» sensitive 
microammeter. A bar magnet, N-pole foremost, is (a) brought near the coil, 
(6) inserted into the coil, (c) slipped completely through and withdrawn. 
Describe the effect on the gakanometer during each *tage of the operation. 
How would the galvanometer be affected if the coil and the axis of the magnet 
are in the same piano ? 

• 10. Draw a clear sketch and explain the action of an induction coil, 

stating definitely the functions of (a) the contact breaker, (b) the soft iron 
core, (c) the secondary coil. Explain why there is not an alternating current 
in the Bpark gap between the terminals of the secondary coil. 

11. Explain the construction and action of a transformer. 



CHAPTER VI 

ELECTROLYTIC EFFECT OF THE ELECTRIC CURRENT 

60. Electrolytes and Electrolysis. 

So far our experience lias Leen for the most part with the 
passage of electricity through metals. We are familiar with the 
use of iron and copper wires for conveying current, and in our 
experiments with the voltaic cell'we were probably more impressed 
by the effect produced by joining the wires than by the equally 
important part that the solution in the cell plays in completing 
the circuit through which electrons travel. Wo noticed too that 
the energy of the cell was derived from the chemical change 
brought about by zinc dissolving in sulphuric acid solution, accom¬ 
panied by the liberation of hydrogen from the copper plate. ‘The 
fact that the circuit was completed through the solution suggests 
that wo should try to find what liquids conduct electricity 
and what are the accompanying conditions and results. 

Conventional direction 



a ‘ b K 

Fig. 97. A, Anodo. BB , Burettes or test-tubes. CC, Section of cork. 
EH, Electrolyte. K } Kathode. MUl, Glass tube holding mercury. 
mV, Wires from *attery. 
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Szp. or Demonstration (l). 

Using a battery of 4 accumulators 1 in series, with an sramoter register- 
ing to (say) 2 amperes in the circuit, and a piece of platinum* foil attached 
to each end outlie two leading wires, try the effect of dipping the platinum, 
ends (Figs. 97 a and 6 ), which should not touch each other, into the following 
liquids: 

Observations. Deductions. 

(a) petroleum (mineral oil) 

(b) distilled water 

(c) water + sulphuric acid (H a S0 4 ) 

(d) water + alkali (say NaOH) 

(?) copper sulphate solution (C 11 SO 4 aq.) 

(/) silver nitrate solution (AgN<> s aq.) 

(#) hydrochloric acid solution 3 (HC1 aq.) 

(h) common salt solution 3 (NaCl aq.) to 

which a few drops of phenolphthal- » 

lein have been added ! 

The platinum ends leading to and from th# battery are called 

Electrodes. 

The electrode connected to the —*• pole is called the kathode. 
„ „ „ + v * .. anode. 

Summary of results. You will find that oils (a) and distilled 
water (b) do not conduct electricity and thdre is no chemical re¬ 
action; but acids (c and g), alkalies {d) and salts (e,f and h) in 
solution are conductors and tftat chemical changes involving de¬ 
composition of the liquid accompany the passage of electricity. 
Note that hydrogen or a metal is liberated at the kathode. 

The process of decomposing a liquid by passing electricity 

through it is called electrolysis (lit. loosening by electrons). 

— 

1 Grove Cells or Chromic Acid dells will servo the purpose. If current 
from the “main” [generally at 220 or 110 volts] is used, insert one or two 
82 o.p. carbon filainent # lamps in parallel: these are useful to indicate 
whether current is flowing, and also to give the necessary resistance. 
Caution: do not switch on the current until all is ready And do not touch 
the wires, etc., whil$ current from the mains is passing. 

8 If platinum electrodes are not obtainable, use carbop rods (arc “ pencils ”), 
see Figs. 101 and 100. 

* Use carbon anodes: Chlorine attaoks Platinujn. 
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Liquids which conduct electricity and at the same time undergo 
chemical decomposition are called electrolytes. * 

Demonstration (11). i' 

Using a battery of 4 (4-volt) accumulators or the “main” supply [see 
note, p. 105], connect in series with the five electrolytio cells, shown in Fig. 98, 
viz. (1) dilute sulphuric acid, (2) copper sulphate, ( 8 ) silver nitrate’, (4) 
hydrogen chloride, (5) sodium chloride (common salt). [The electrodes are 


Electrolysis of 



Fig. 98. 

platinum exoept the anodes of cells (4) and (5) whioh are gas-carbon because 
the gas chlorine liberated at these anodes attacks platinum: chlorine is 
soluble in water; it is therefore necessary to saturate solutions (4) and (5) 
previously with chlorine gas.] ^ 

Observations: (a) Equal volumes of Hydrogen are liberated at the 
kaihodet of cells (1), (4) and (5); 

(b) the same volume of Chlorine (as of Hydrogen above) at the anodei of 
oells (4) and (5); 

(c) fcalf this volume of Oxygen at the anodes of cells (1), (2) and (8); 

(d) the metalt copper and silver respectively are deposited at the kathodet 

of cells (2) and (8). After some time metal ceases tp be deposited, the colour 
of the copper sulphate ia perceptibly lighter and the ourrent falls off but is 
renewed on addition of more of the iqetallio salt, when me&l is again 
deposited; v 

(e) the metal ^odtum is not deposited.at the kathode of cell (5) as we 
should hate expected by^ analogy with (2) aqd (3), because of a secondary 
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* reaction of sodium with water whereby the aikali sodium 1 hydroxide is 
formed and hydrogen liberated [2Na + 2HOH = 2NaOH + H,]. 

Deduction!. 

The tame current has passed through each cell for the tame 
time. Equal volumes of Hydrogen (density 1) and Chlorine 
(density 35 - 5) were liberated and half the volume of Oxygen 
(density 16). Therefore the weights of these gases liberated by 
the same current are in the proportion of 1 : 35'5 :8, which corre¬ 
sponds to their chemical equivalent weights. 

If, before^nd after the Exp., we had weighed the two kathodes 
(2) and (3) on which copper and silver were deposited we should 
have found an increase of weight corresponding to their chemical 
equivalents, viz. 3T5 and 108 times respectively the weight of 
hydrogen liberated. • 

T51. Faraday’s Lawt of Electrolysis. 

I. The amount of cliemical reaction in a circuit is the tame 
at all points. 

II. The weight of substance liberated at an electrode is pro¬ 
portional to the strength of the current and the time during 
which it flows (i.e. proportional to the quantity of electricity). 

III. If the same quantity of electricity passes through a 
series of electrolytes , the weights of the substances liberated are 
proportional to their equivalent weights. 

Combining Laws II and III, viz. that the weight of a sub¬ 
stance liberated is proportional to the quantity of electricity 
passed and selecting the unit quantity in each case, we introduce 
a new term, the electro-chemical equivalent, to indic ate for 
eaoh substance the weight.liberated by unit quantity of 
electricity. , 

1 Pole-Teeting Paper. The presence of the alkali may be shown by the 
addition or phenoiphthaliein to yt electrolyzed salt eolation: the solution 
tome reddith-pink.-PoU-testing paper is made by drying filter paper pre¬ 
viously soaked in a solution of salt and phenoiphthaliein. t7«e.- moisten the 
paper and touch it with the tiro terminals from tfie battery qp “main'’ 
wires: a red stain appears at the negative pole where alkali is formed. 
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The unit quantity of electricity, in practical limits, is an 
amp&re per second and is called a coulomb. The electro- 
chemical equivalent (e) of an element will therefore Ijn expressed 
in grams per coulomb, i.e. the weight of each particular 
element liberated by one ampere in a second. 

I.e. IF = eC't 

where W = weight in grams of the element deposited, ' 
e ; the electro-chemical equivalent of the element, 

C - current in umpires, 
t = time in seconds. 

Further, if 

e hy,!ro»n -- '0000104 gram per ampere per sec. 
then e n „, '0000104 x element’s chemical equivalent, 

"e.g. e„„„„ - ^000104 x 31 -5 '000329. 

-0000104 x 108 =. -001118. 

Sxp. (I). To Bud the eleotro-ehemical equivalent of copper. (Galvano¬ 
meter method.) 



Bemember W=tCi. Set up a circuit (Fig. S49) consisting of two accumu¬ 
lators (or 4 (lichrosattf Cells or 4 Darnell's Cells), a tangent galvanometer (O) 
(or aeeurate ammeter registering to 1 or 2 empires) and an electrolytic cell 
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(AKA) of cooper plates in a solution of copper sulphate 1 . A watch recording 
seconds i9 needed. The copper plates of the electrolytic cell are carefully 
cleaned by dipping in dilute nitric acid and afterwards scrubbing them in 
pure water, preliminary trial without weighing the plates should be made, • 
passing current in each direction in order to obtain a good deposit of copper 
on the electrodes. The kathode is then removed, washed in (1) distilled water 
and ( 2 ) alcohol and afterwards dried in hot air*. 

The kathode is then weighed: 

® 77*042 grams .(1). 

The kathode is then placed between the two plates A A which form the anode 
and the circuit is completed. Headings are taken every minute at both ends 
of the galvanometer pointer and the mean of the 30 readings at the end of 
15 minutes (OOO »ecs.) calculated. Mean deflection 0 = 31°. The kathode is 
then removed, washed with ( 1 ) water, ( 2 ) alcohol, dried and weighed as 
before: 

77*08 grams...(2). 

Weight of Copper deposited (2) — (1) *038 gram. 

Reduction factor of galvanometer [§ 45]=0-209. 

Current in ampeivs = -209 x tan 31°= '^)9 x -001 

= 0*1260 amp. 

.*. 0-1256 ampere in 900 secs, liberates -038 gram of copper. 

-038 

.-. 1 ampere in 1 sec. liberates ( jqq 

. = *00033 gram of copper (approx.). 

.-. the electro-chemical equivalent of copper is *00033. 

Exp. (ii). To find the chemical equivalent of copper and hence the 
electro-chemical equivalent of hydrogen. (Voltameter method.) 

Substitute an electrolytic cell of dilute sulphuric acid with platinum 
electrodes for the galvanometer, and also increase the voltage of the battery to 
6 or 8 volts 8 . Collect and measure the hydrogen evolved (V c.c.) at the kathode 
of the acid cell (Fig. 100) [note the temperature (t) and the pressure (p)*]. 
Weigh thecopper deposited (H r Cu ) on the kathode of theCuS0 4 cellasinExp. (i). 
Assuming, for approximate results, that lc.c. of Hyd. weighs gram*, 

we obtain the weight of Hyd- (i^Hyd) evolved = -000085 x V. Then, since 

1 The anode dissolve, but copper deposits on the kathode ; the strength of 
the CuSO^solution remains constant. 

8 Some distance above the Bupsen flame. • 

8 If the “main ^supply is used put two 32 e.p. carbon filament lamps in 
parallel into the circuit. ,. , 

4 For aoourate results, correct the Vol. observed ft) J^ftt b.t.p # . at wnion 
1 o.c. of hydrogen weighs -00009 gram. 
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H^cju grams of Copper and IP Hyd grams of Hydrogen were liberate^ by the same 
current, and the Chemioal Equivalent of Hydrogen = 1, 

W 

= Chemical Equivalent of Copper=31*5 apjy’ox. 

Assuming the result of Exp*, (i), then 

Elec tr o-chem ical Equivalent Hydrogen 
Electro-chemical Equivalent Copper 

_ Chemical Equivalent Hydrogen 
Chemical Equivalent Copper 
. Electrochemical Equivalent Hydrogen 1 

*00088 = 31 t 5 ' 

Electro-chemical Equivalent Hydrogen 




Voltameters. 

An electrolytic cell used for the 
measurement of current is called a Volta¬ 
meter ; e.g. a copper voltameter and a 
hydrogen voltameter in the last ex¬ 
periment. If we know tho electro chemical 
equivalent (e) of the element liberated, its 
L weight (W), and the time (t sec.) during 
which the current passes through the 
voltameter,’ we obtain the current in 
amperes by applying the formula 

0 -" 

11 

W e can therefore apply the Voltameter 
method for: 

Fig. 100. Lt, Lamp-glass. / \ ■ 

CC, Perforated cork. JL4, ( a ) measuring current, 

Kathode and Anode ot Car- (h\ finding the reduction factor of a 
bon (arc-pencils). /f,2vo!s. , , . , 

Hydrogen. O.lvol.'Oxygen. tangent galvanometer, and 

Electrolysis of dil. H,SO,. )c) standardizing anhimmeter. 

■ The etg^ent ahculif oheck hie results of § 46 or of Experiments where an 
ammeter was used by the Voltameter method. 
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TABLE Of %LEOTBO-CHEMICAL AND CHEMICAL EQUIVALENTS. 


-- c 

Element 

Atomio 

Weight 

Valency 

CRemical 

Equivalent 

Electro-chemical 
Equivalent = grams 
per ampere per seo. 

K. Hydrogen 

1 

1 

1 

0-0000104 

Sodium 

23 

1 

23 

0-0002384 

Copper (divalent) 

63 

2 . 

31-5 

0-00113295 

Zinc 

65 

2 

32-5 

0-0003387 

Silver • 

108 

1 

108 

0 0011183 

Lead 

207 

2 

103-6 

0-0010728 

A. Oxygen 

16 

2 

8 

0-0000829 

Chlorine 

35-5 

1 

35-6 

0-0003675 


Definition of the Amp&re on the basis of electrolysis. 
An anip&re is the practjpal unit of current .which flowing for 

1 second liberates 0-0011183 gram of silver. An amp&re = -fo 
electro-magnetic unit of current. 

62. Electrolysis applied commercially. 

(1) Electroplating *mnd eleclrotyping. * 

Electroplate of various kinds, especially jewellery, ornaments 
and table utensils, is familiar # to everyone. Gold, silver, copper, 
nickel and several other metals are deposited electrolytically from 
a suitable solution. Gold and silver are dissolved as the double 
cyanide of the metal and potassium. t 

Bxp. Add potassium cyanide very gradually to a solution of silver 
nitrate until the first precipitate of silver cyanide is just dissdvgjl. TJhe 
solution of silver potassium cyanidg is a suitable “bath” for^fl^Ieposition 
of silver on (say) a copper candlestick or a britannia metal spoon. The latter, 
previously cleaned by scaring with sand and soda, iB washed and placed in 
the “ bath U as the kathode ; a small piece of sheet silver as anode replenishe* 
the solution by dissolving at the feme rate that silver is depositing on the 
article to be plated (If. Exp. § 61]. A moderate but steady current at from 

2 to 4 volta pressure is passed until a sufficient tiKckpess of plating is 
deposited when the article may be removed, dried pnd polished. 



112 


Electricity and Magnetism [ch. vi 

Electrotyping is a process for reproducing type, ^eals, coins, 
cameos, etc. The method is as follows : 

(а) obtain an impress of the object in wax or plaster; ^ 

(б) render the inside surtyce of the impression conducting by dusting 
with graphite 1 or powdered bronze ; 

(c) make a copper shell of the impression by depositing copper electro- 
lytically in a “ bath ” of copper sulphate ; 

(d) remove the wax and strengthen the shell, which acts as a moald, by 
pouring in melted type metal or other fusible alloy. 

(2) Purifying smelted copper by dissolving the ingots, which 
are used as anodes , in the electrolytic bath of copper sulphate 
solution, and depositing the pure copper on suitably shaped 
copper kathodes, 

(3) Electrolysis at high temperatures: e.g. extraction of 
aluminium from alumina and the fused double chloride of alu¬ 
minium and sodium using carbon electrodes. When the electrolyte 
is once fused the Heat is maintained by the passage of electricity. 

63. Elementary Theory of Electrolysis. 

There are reasons for supposing that electrolytes dissociate in 
dilute solutions into their constituent ions 16], called respec¬ 
tively kations or anions , as they travel towards the kathode or the 
a/node , charged, witli electrons in defect, positively on the one 
hand or, with electrons in excess, negatively on the other. 

Faraday in 1833 suggested that chemically equivalent atoms 
carried equal charges of electricity. This we can express by 
equations such as the following : 

+*• Ion or - v * Ion or 



Kation 

Anion 


rr-i 

h„so 4 n 

H-' 

s ° 4 :: 


KC1 5* K-‘ 

Cl + ’ 


, Cu30 4 3 * Cu'* 

so *:: 


1 The conducting surfaoe ia improved by washing it with copper sulphate 
and afterwards sjtfinkling with finely divided iron, whioh, by displacement 
oovew the fcurfaoe with a layer of copper. 
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where — < represents an electron in defect 

and • * +1 „ „ excess. 

We havf learnt in § 14 that in a battery of voltaic cells, 
electrons accumulate on the zinc plate and at the — ™ pole: 
correspondingly there is a defect of electrons at the + ” pole. If 
two carbon electrodes in a solution of common su/t, sodium chloride, 
are joined to the two poles of a battery (Fig. 101), the accumula¬ 
tion of electrons on the zinc plate is carried into the solution 
at the kathode (A') and a defect of electrons appears at the 
anode (A). Sjnce however “ unlike charges attract each other,” 



the - charged Morions , C/+*, migratj towards the +’' llr charged 
anode where they lose their charge by neutralization (+ t-«) and 
are liberated in pairs as chlorine molecules. Similarly tUesodiumr 
ions, + charged, Na~', migrate towards the J charged 
kathode where they lose their charge by the addition of an 
electron per ion, and would be deposited as molecules of sodium, 
if they did not immediately react chemically with the water 
forming a solution of sodium hydroxide with the liberation of 
hydrogen 

2Na + 2H0H = 2NaOH + Jb.,. 


B. I. 


s 
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The energy of the battery is therefore used in liberating electrons, 
which in turn overcome the resistance of the circuit which includes 
the electrolytic cell where the two sets of ions are caused to 
migrate in opposite directions. 

64. Back E.M.F. (The principle of the accumu¬ 
lator.) 

The Btudent should revise § 17 where the subject of “back the 

voltaic cell is first mentioned. 

• 

Exp. (i). Show that the e.m.f. of a single Danieli’s cell is not sufficient 
to electrolyze dilute sulphuric acid. Connect the platinifm electrodes of 
Fig. 97 a to a Danieli’s cell: a few bubbles appear at the electrodes but 
current soon falls to zero. Two or throe cells in series are found to be 
sufficient for electrolysis. 

Shotv that there is a back e.m.f. from the electrodes by quickly switching 
them in circuit with a sensitive galvanometer— e.g. the mirror galvanometer 
of § 44 : the current Js found to be in the opposite direction to the battery 
current. The separated oxygen and hydrogeA condensed on the anode and 
kathode respectively produce for a time an opposing potential difference 
until recombination can take, place by transference of electrons that have 
accumulated. 

Sxp. (ii). Repeat Exp. (i) substituting strips of lead 1 as electrodes. 
Continue electrolysis for ten minutes: then show by connecting the electrodes 
to a galvanometer a that the back e.m.f. is more sustained than in Exp. (i). 

Accumulators or Storage Cells or Secondary Cells. 

Plante in 1860 showed that a secondary oell could be built up, by charging 
in alternating directions, and discharging, the lead electrodes of the last 
experiment, which retained its charge and could sustain an electromotive 
force of about 2 volts through a high resistance for some considerable time. 
An indication of the reactions of charging and discharging the plates is given 
by theTBTro^ing equations: 

At the anode (1) Pb + 0 2 5^ Pb6 2 . 

At the kathode (2) Pb + xH 7^ condensed or occluded hydrogen on lead. 

4 . 1 

1 Spongy lead, obtained by putting ^bin strips of pure zinc in a solution 
of acetate of lead, makes the best electrodes for this fexperiment. 

9 A'galvanogcope, § 42, or even an electric bell may be used to show the 
back k.mlf. if large lead plates are used as electrodes. 
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Faur6 in 1880 discovered that a much more efficient secondary cell was 
rapidly bigltup by using lead plates pitted with holes filled with a paste of 
(1) red lead (Pb 3 0 4 ) mixed with strong sulphuric acid for the anode ( + **) 
and (2) lit flaky (PbO) and sulphuric acid for the kathode (- v '). Tho reactions 
approximate to the following equations: 

(1) Pb 3 0 4 + 20 = 3Pb02 on first charging. 

Pb02 + H 2 S0 4 ^±PbS0 4 + H 2 0 + 0. [Anode.] 

• (2) PbO + 2H 52 : Pb + H a O. [Kathode.] 

The plates of the modern accumulator [e.m.k.= 2*1 volts] are made of 
lead in the form of an open grid, the spaces being filled with a compressed 
paste of red leLd and sulphuric acid. The process of charging oxidizes the 
positive plate to lead peroxide (Pb0 2 ) and reduces the negative plate to spongy 
lead. During discharge lead sulphate (PbS0 4 ) is formed so that the solution 
loses sulphuric acid and becomes less dense (1 *18 approx.), but on charging 
its density increases (1*210 approx.). The voltage may range from 2*3 to 
2 volts but should not be allowed to fall below 2 volts without recharging. 
The Iccumulator gives best results if kept in constant use, but care should be 
taken to avoid any sudden fall of potential by short-ciicuiting. 


Questions on Ohapteh VI 

1. Carefully state and “jx plain Faraday’s “Laws of Electrolysis" and 
describe any experiments you would make to illustrate the truth of these 
laws. 

2. Write a careful account of what takes place when an electric current 
is passed through an acidulated solution of water. Why is this operation 
often termed the “ electrolysis of water ” ? 

8. Two carbon rods are placed separately in test-tubes containing a 
solution of common salt (NaCl) to which a few drops of litmus have been 
added. The tubes are united by a wet strip of blottiug paper^jjaam* fer 
the changes which take place when.a current is passed through the tubes 
using the rods as electrodes. 

4. Define the terms “electrolyte," “electro-chemical equivalent." State 
exactly whaf is meant by the statenjent that the electrochemical equivalent 
of hydrogen is *00001438 and calculate the amount of copper deposited from 
copper sulphate solution by a current of 3 amperes in half an hour.^ 

(Chemical equivalent of coppef=81*6.) 

* 8—2 
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5. Describe an experiment to determine the electro-chemical equivalent 
of hydrogen with full details of the precautions necessary tf fbtain an 
accurate answer. What is meant by “ back e.m.f.” and how does the back 

* e.ji.f. influence the success of this experiment? / 

0. What is a “voltameter”? Describe its use and advantages as an 
acourate current measurer, giving full experimental details. 

7. Describe how you would carry out experiments with a copper sulphate 
voltameter to show that the quantity of copper deposited in a given time is 

(a) directly proportional to the strength of the current, 

(b) independent of the size of tbe electrodes and the strength of the 

solution. 0. L. J. 1920. ^ 

8. Calculate the current used in the following experiment with a copper 
voltameter. 

Weight of kathode before experiment=20’10 grams. 

„ „ after „ =21*284 grams. 

Time of experiment = J hour. Ji.e.E. of copper = *000329. 

• t 

9. Calculate the Reduction Factor of a Tangent Galvanometer from the 

following data: * 

Weight of kathode before experiment=18 grains. 

„ „ after ,, =18*395 grams. 

Time of exporiment=20 mins. Deflection of galvanometer = 30°. 
e.c.e. of copper= *000329. 

10. Give a detailed account of the “ Theory in' Electrolysis.” 

A copper voltameter containing copper sulphate solution and copper 
electrodes and a silver voltameter containing silver nitrate and silver elec¬ 
trodes are connected in series and a curreht is passed through them. Describe 
what takes place in each vessel and give the relative proportions of copper 
and silver set free by the ourrent. (The at. wts. of copper and silver may be 
taken as 63 and 108 respectively.) Lond. Univ. 1920. 

11. A current is passed for 22 minutes through a silver voltameter in 
seri es with a tangent galvanometer of 10 turns, and radius 10 cms. The 
deflection or*tole galvanometer needle is 45° and *423 gm. of silver is de¬ 
posited. What value does this give for the e.c.e. of silver? (Jf=• 18, w=y.) 

12. Describe the process known as “ electroplating.” It is desired to 
plate with silver a metal spoon. Would it he sufficient to plabo the spoon 
anywhere in a solution of a silver salt through which ^current is passing? 

18. Describe ^e construction of a modern storage battery or accumulator. 
What oha&ges occur during the prooess of charging and discharging the cell? 



CHAPTER VII 


APPLICATIONS OF OHM’S LAW. ELECTROMOTIVE FORCE. 

. RESISTANCE 

65. The Student should carefully revise Sg 11-13. Theanalogy 
that was drawn between (1) a current of water and the electron- 
flow, (2) the'pressure of water in a pipe and the electromotive 
force which forces electrons through a conductor, and (3) the 
resistance of the channel to the passage of water and the 
resistance in a wire to the electron-flow, was followed by the 
consideration of the relationship between these fundamental, 
quantities as embodied in Ohm’s Law: the current in a 
circuit varies d irectly as the electromotive force and 
inversely as the resistance of the circuit. 



66. The Voltmeter is a galvanometer for measuring differ¬ 
ence of electric pressure or potential. It is absolutely necessary for 
the student to distinguish between a voltmeter and an ammeter. 
The ampere-meter measures current : it is placed either directly in 



Fig. 102 a. Ammeter in the Fig. 102 b. Voltmater h%s.so 
main circuit or as a definite high a resistance that main 
part of the main circuit. current is practically unaltered. 
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the circuit, i.e. in series with the battery in which casp its resist¬ 
ance to the flow of electricity should be exceedingly small, or, as 
a shunt, allowing a definite fraction of the current to p'Us through 
it, say, or 1 etc. (Fig. 102 o.) 

A voltmeter on the other hand should be of such high resist¬ 
ance that very little current flows through it and the effect of 
placing it in parallel in the circuit is negligible (Fig. 102 b). 
A tangent galvanometer [§ 45] consisting of a coil of very fine 
wire with many turns may be used as a Voltmeter; or again a 
micro-ammeter of the moving-coil type [tj 46], furnished with a 
high resistance, makes a useful voltmeter. 

Exp. (1). To compare the E.M.F.’s of two or more 
cells. * 

The high resistance coil of a tangent galvanometer msly be 
used for comparing the R. U.K.’s (A’,, A’, etc.) of two or more cells by 
placing the galvanometer and cell in Beries with a commutator. 
The mean of four readings must be taken, 2 for each direction of 
the current through the galvanometer, in order to obtain the true 
angle of deflection (ft,, ft 3 etc.). The resistance of the coil is so great 
compared to the resistance of the cell that the total resistance (R) 
of the circuit remains approximately constant. Then by Ohm’s 
Law: i 

E,~ RxC, = Rxk tan ft,, 

E a — R *C t — Rx k tan ft,, 

* E, tan 6, 

' E a tan ft/ 

Bxp. (11). i*laoe (1) a DanieWa Cell, (2) a Leclanchf. Cell, (3) an accumu¬ 
lator in series with the high resistance coil of the tangent Galvanometer [§ 45] 
of (say) 200 turns or the corresponding coil of the'gaivanoscope [§ 43], Note 
the deflection in#ach caa„. Assuming the x.m.f. of the cells to bn respectively 

(1) 107, (2) 1'4, (3)2'1 volts, draw a curve for eachainstrnment 

Us* the*ct.rve for finding the e.m.f. of (o) a voltaic cell, (6) 2 DanWatall* 
in series, (c) a Daniell oill and a Leclanchf cell in series. 



119 


66-67] Comparison of E.M.F.’s 

Bzp. (ill). Referring to the grouping of cells, p. 23, devise an experiment 
to show tliat\he B.M.F. of a battery of (a) cell* arranged in Mrlot it equal 
to the tcun^pf the B.BK.F.’s of all the eella, {!>) cells arranged in parallel 
it the highest E.M.F. of the set. 

Bzp. (iv). To measure the potential difference between two points 
(say the terminals of a cell) and to show that the potential difference falls 
off as the current between the points is increased by lowering the 
intervening resistance. 

’ A^igh resistance tangent galvanometer or a voltmeter is connected between 
the terminals A and li of u Daniel 1 cell (Fig. 103), (n) when no other wire con¬ 
nects the terminals, ( b ) when a resistance of 50 ohms (a length of approx. 
5 ft. of No. 40 German silver wire on a reel), (c) when a resistance of 10 ohms 



Fig. 103. 

(approx. 10 ft. of No. 30 German silver wire) connects A and B. Read the 
voltage direot if a voltmeter is used, or tan. i of deflection if the high resist¬ 
ance tangent galvanometer’s used. Record your results, and note the analogy 
of the falling off in water-pressure where one pipe supplies two or more taps 
when first one tap and secondly two taps are turned on. 

*Bxp. (v). To adjust a milHammetcr for uce ai voltmeter. 

Place the milliammoter [§ 48] in scries with a resistance box of (say) 
1000 ohms and a Danicll’s cell (1*07 volts): adjust the resistance so that the 
deflection is 10’7 scale divisions corresponding to the e.m.f. of the Daniell's 
cell. Confirm the adjustment by replacing the Daniell’s by a Clark's Standard 
cell (1-43 volts): the defloction should be 14 3 divisions. 

67. Pall of potential Along a wire. [Ct J 11.] 

AB is a uniform tore (No. 32 German .Silver 1 ) of high resist¬ 
ance stretched over a metre scale between two .binding screws 
A and B (Fig. 10^). A steady current is maintained in AB from 

* Omit for first reading. • # # , 

1 Resistance (approx.) = 3 ohms per foot. See Appendix III. 
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a battery (Z) of (say) 3 Daniell’s Cells when the plug Kj s inserted. 
The potential difference between A and B is approx. 3 - 2 volts. 



0 10 20 30 40 50 60 70 80 90 100’ 


V_l.l.lil_ J 


To *how that there Is a constant fall of potential 
along a uniform wire carrying a steady current. 

Bxp. i. Connect the two terminals of the high resistance coil of the 
tangent galvanometer. G, by pressing the connecting wires to any two points 
X and P on the wire < 1 li so that there is a convenient deflection (say 12°) 
which indicates a certain potential difference between X and P. Measure the 
distance XP by taking readings on the metro scale. Repeat several times 
alteiing tho position of X on the scale and obtaining the same deflection fot 
a new position of P. Tne distance XP should remain constant. 

Bxp. 11. Connecting X to the binding scew A (Fig. 105), vary the 
position of Y along the scale, and take readingsiof (1) the deflection of the 



a ' b 

Fig. 105. , 


galvanometer needle for (?) each position of P. The tangent of *he angle of 
deflection (0), which is proportional to the current, may be taken to be pro¬ 
portional to the potential dillerence between A and P. °It is found that: 

tan 6 , . 

——=*a constant. 
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Plot 

• distance along wire 


with aV and ab ns axes. 


If we as^me the wire to be of uniform thickness and its resistance pro* 
portional to its length and that a steady current was maintained then the < 
above equation is equivalent to 


Potential Difference 

-- - ..= constant, 

ltesis lance 


whiclt is a confirmation 


of Ohm’s Law 



68. Potentiometer method of finding E.M.F. 

The long thin uniform wire mounted on a scale the use of 
which lias just been described [§ 67] is called a Potentiometer. 
For convenience the wire is often zig-zagged symmetrically across 
a board. The essentials are that the wire shall be fairly long 
(2 metres), of high but uniform resistance and that distances along 
the wire may be readily measured. 

Exp. To compare the E.M.F.'a E, and of two cells. 

# The - VB polo of a 4 volt accumulator is connected to A and the +'• pole 
to B of the potentiometer wire Alt (Fig. 106). A steady electron-flow is 
maintained in the direction AB, and there is a uniform fall of potential from 



A to B. The - poles of the two cells 75,, J? a whose k.m.f.’s are to be compared 
are connected to A, and Hieir + re poles, through a 3-way switch, are joined 
to a ►ensitiy galvanoscope (G) and thence to the point P which is moved 
along the wire. • 9 

Seeing that the iftgative poles of the cells are joined to A, the electron- 
flow from the main circuit opposes that of the lowef galvanoscope circuit 
and tends to stop the current or force it in the opposite direction. 
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If the difference of potential between A and B is greater than the x.m.f. 
of eaoh of the two oells E,,£ 2 , there will be a point l\ (sa/j somewhere 
along the wire ench that, when E l ia connected with it tin?/ugh G the 
t opposing electron-flows will produce equal and opposite pressures at A and 
the current due to A'i in the lower cirouit will be reduced to zero, i.e. there 
will be no doflection of G when P is connected to the potentiometer wire at 
i*,. Similarly when is placed in the lower circuit, no ourront will pass 
through G when V is placed at P, (say). ^ 

Then the fall of potential from A to Pi=the k.m.k. F n 
and ■ ,, „ „ A P 2 = „ „ E, 

and since the fall of potential is constant per unit length along AB 

A Pi V 

69. Real stance. 

In <5ur enquiry into the relationship of hydrostatic pressure (P) 
• and current (C), we deduced the constant ratio that exists between 
the two when the Conditions are constant, and we found that this 
P 

ratio of was a measure of the resistance of the circuit. This was 

C • 

the form in which Ohm originally stated his law, in 1826, when 
he first investigated the conditions of length, section, temperature 
and potential on wlpch depend the power of a wire to conduct 
electricity. If these physical conditions are not changed then the 
ratio E.M.F./current is constant for any circuit and is called 
the Resistance of the circuit. 

Then , § = »■ 

Resistance is measured in units called Ohms. 

F 

In IMjtquatlon = R, if R is required in Ohms, E must be 

expressed in volts and C in ampdres, thus 

Voltslnrpperes — Ohms or Volts = umpires x Ohms. 

The practical definition of an Ohm is the resistance of a column 
of mercury of J sq. mm. cross-section and 106 - 3 oms. in length 
0 * 0 . * 



Resistance 
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This cjifintity of mercury weighs 14-4521 grams. 

N.B. for relationship between Absolute (c.o.s.) units and 
Practical Skits see §79. 


lisp. (i). *o show that for a glvtn win the ratio 

a 

—=a constant = the resistance of the wire. 

O 

A ^oil (S) of insulated 0 . 8 . wire (say 12yards of No. 32 of 
approx. 30 ohms resistance) is put in circuit with an am¬ 
meter and oneDaniell’s or accumulator cell (ft) [Fig. 107]. 

The P.D. between the ends PQ of the coil S is ' 
taken by the ’ oltmeter V=E volts and the current 
i8 measured by the ammeter A = C amperes. Two, three 
and four oells in series are placed in the circuit. It will 

be found that the ratio lta remains approx. 

C empires Fi{ , 107 

constant, the result being given in ohms resistance. 

• 

Exp. (il). To find the resistance of an incandescent lamp by 
voltmeter and ammeter. 

Having established the above ratio sb a measure of the resistance, place 
9 suitable voltmeter registering up to 250 volts across the mains terminals. 

(Caution. If the voltmeter or ammeter has a -I- sign opposite one 
terminal, take care to connect this to the positive terminal of the main 
supply or of the battery used.) 

Actual reading, 320 volts. Place an ammeter in circuit with a 32 candle- 
power Ediswan carbon filament lamp (replacing S in Fig. 107) and the mains 
(replacing the battery ft in Fig. 107^ Actual reading of ammeter, 0*46 amp. 

resistance of one 32 c.p. carbon filament lamp 



Repeat with 


220 volts 
0*45 amp. 


= 488 ohms (approx.). 

e 


(а) 2 lamps in scries. Result 11 = o-^fi'kinp ~ °^ ms tapprox^. 

(б) 2 lamps in parallel. „ R= Q.<j~ ftm p obms. 


Suitably Laboratory R esistances. 

In addition to the Lamp Resistance Board described in Appendix I the 
following should be briefly explained. 

sMAte f Rheostat. A thin wire of high resistance |voun<^ on a slate 
cylinder and terminated at each end with a binding jerew (Fig. 108) to that the 
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wire may be put in series in the circuit. The current is pasyd through a 
longer or shorter length of the wire, i.e. through a greater or less^esistance, 
by sliding the contact along the metallio rod which is attached^ one of the 
• terminals. v 



Fig.'-108. 


Coil Rheostat: consists of a set of coils 7f,, J? 3 ... (Fig. 109) which may 



Fig. 100. 

and consists of plates of gas-carbon 


be brought into series in the circuit by 
a rotating contact JAH , J being the 
junction with the metallic bosses 1, 2, 
3...at the ends of the coils, A the axis 
and H the handle. Such a set of coil 
resistances is used on electric trams, 
motors etcd The energy of the current 
is dissipated in heating the coilB. 

Carbon Resistance or Rheostat. 
Fig. 110 is used with heavy currents 
held in contact in an insulated frame. 



Fig. 110. 




Resistance 
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69J 


Cirouit is completed through two adjustable plates that may be inserted 
between th^ Jhrbon plates and contact is loosened or tightened by means of 
an insulateckflcrew at the end of the frame. T 

Liquid R Aiatance. A useful form of variable 1C? 

resistance for large currents consists of two ca»’- _ Tq 

bon pencils or plates, (one fixed, the other .yJU-- 

adjustable and set in a movablo board), placed • I.. - ■ 

in a solution of copper sulphate or other suitable -T- 
electrolyte (Fig. 111). It must be remembered -Jr-3:.r 
that (1) part of the drop in current is due to back Fjj{ m ^ Fij(!i| oarbon 
r.M.r. of electrolysis [§ 64]; (2) the mSrait re- p en cil. Adjusiable 
quires replenishing. pencil. S, Solution of 

Sartatanca Oolla and Baalatanca Boxaa. Copper Sulphate. 

The student should construct a one-ohm, two-olim and a five-ohm resist¬ 
ance coil [see Wheatstone’s bridge, § 73] using Manganin or Constantin wire. 




*'*• 11 *. 

A Resistance Box is shown in Fig. 112 and its construction is explained 
by Fig. 113. In this particular resist¬ 
ance box the plug has been removed 
from the 20-ohm gap, so that when the 
box is connected by its terminals (on 
the left) in series in the circuit current 
passes through an insulated coil* of 
manganin or Constantin wire of exactly 
20 ohms resistance. It is evident, in 
Fig. 113, that as a plug bridges the^ap 
between A and B, bwt not between B 

and C, that the resistance of the right- Pig. ^13. 

hand coil only is in oircuit. 
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In Fig. 112 the gaps correspond to resistances of 600, 200, 100, 100, 60, 
20,10,10,6, 2, 2,1 ohms; thus any resistance from 1 to 1000 £hjns may be 
obtained. ^ 

Resistance in Series. The student may now summarize 
the results of his practical experience by aid of a diagram (Fig. 114) 




c—* 


r, + r, + r, 

Fig. 114. 


-»C 
R 


in which points WXYZ are joined by (say) 3 conductors, so that: 

(а) the same current (G) passes through the 3 (say) resistances 
r„ r. t , r, arranged jn series; 

(б) the total fall of potential between W and Z [= (say) E] is 
made up of the sura of the potential differences ». etc. as each 
resistance is added to the circuit; 


(c) hence, the total resistance of the circuit (f2)=r,+r , a +r s etc. 


Thus 



v. t 

- etc., 
»» 


but 



and E= «, + v, + r 3 etc. [jj 67] 

.'. EC - r ,0 + rfi + r,C etc. 

__ .-. R = r, + r, + r, etc. 

— 

70. Resistance In Parallel. 

The conductivity of a conductor is inversely proportional to 
its resistance (E): this quantity is oalled its Conductance and 
1 * 
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Resistance in parallel 


If we ^oin points W and 2, between which the p.d. is E , by 
the conductors in parallel as 
shown in^fig. 115, we should ^ ~~'- 

expeet the total conductance ^ 0"V, 

to equal the sum of the several q _ 

conductances -, -; - etc. W re. iT\ \ 2 

n r, r, Uj 

Let c„ c. u c s represent the cur-. 
rents in each wire and r u r,, r, *‘ 8 ' 115, 

represent the corresponding resistances, then the total current 
V = c, + c, + c etc. 

, . -A A’.', E 

r x r., r., 

# C = e(- + - 1 + 1 etc.), 

Vi r, r, J, 
but C - , 

1 1 1 1 . 

.•.==:-+ + etc., 

R h r 2 r s 

i.e. the total couductaf^e - sum of conductance of the conductors. 


71. Shunta. 

It is often necessary to send only a fraction of the current 
through a sensitive instrument 1 or a particular part of the circuit: 
this may be accomplished by means of 
a shunt. For instance supposing yoi# 
wished to measure a current ( C ) of 
several amperes flowing in a circuit and 
you were supplied with a miliianuneter, 
i.e. one which measure? only ths of 
an amp&r^ what loop line or shunt of 
resistance S could you place* between 
the terminals (d,^) of the milliammeter . *"*8- lle - 

1 Especially the moving-coil type of galvanometer. • 
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of resistance (A, B) that only of the main current went 
through the instrument (Fig. 116) 1 The current ( C ) divides at A 
so that / 

1 

; C goes through the Galvanometer “ Cg, 


1000 

, . 999 „ 
and -’® C 


Shunt 


-c a . 


Let E be the P.I>. between A and B, and G and S the resistances 
of Galvanometer and Shunt respectively. 

E ' , „ E 


Then 


Co = g and C g = ~. 

1 „ E . 999 n E 

10u0 Ci ' G Hnd iooo 6 - S' 


. G 
"S' 


999 

T‘ 


G 


1 


S ~ if j-j—j part of C is to pass through the Galvanometer 
and similarly the resistance of the Shunt 

= ( jg if part of C is to pass through the Galvanometer 

~ 9 11 1Q .» » 


72. To find the internal Resistance (r) of a Cell (say 
a Darnells Cell). 

(I) Indirect Method. 

Connect, in Series, 3 Daniell Cells each of internal resistance r, a tangent 
Galvanometer of known resistance (G) and a Resistance Box (ii), then the 
total resistance of the circuit R=3r+ G + R. If £ = e.m.f. of the battery and 
C^lhe current, then 

J? _ E 
= R = 3 r + G + JT 

Let 0 =angle of deflection of the Galvanometer*, 
then C = k tan 0 and A: tan 0 x R = .£. » 

E may be taken as oonstaut if the circuit is only completed for a short 
time for e&oh observation of 0. 


I 
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71-72] Internal Resistance of a Cell 

Hen-™*® the total ruiitanoe (*) by means of the resietanee bo* 
(if), take «OT 4 sets of observation of R and the corresponding OK Plot the 



Fig. 117. 

.r% 

curve as shown in Fig. 117 according to the following observations, taking 
one division on the axis g( Y as representing one ohm’s resistance. 

It is seei^that the three points A f D and C obtained are in a straight line 
which, produced in the direction Cd, cuts the axis of Y 13*divisions below 0 

• 

1 A commutator should be included in the circuit aid the me*n of 4 gal¬ 
vanometer readings taken for each observation. 

B.E. 


9 
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which represents on the same scale the internal resistance of th^battery=3r. 
.'. r=i,’ = 4 , 33 ohm*. 


liesintanct 
of Galvano 
meter G 

UesiHtarico 
Box R 

External 

R« sislance 
= G + R + 3r 

Mean De¬ 
flection (6) 

~>- 

tan $ 

1 

tan d 

7'5 ohms 


17-5+ 3r ohmn 

31° 

wm 

1'66 


20 „ 

27 5+ 3r „ 

25° 

•465 

•2-15 


30 „ 

37 5 + 3r „ 

20*5° 

•371 

Pj^i 


(ti) Indirect Method by voltmeter and ammeter [see § GO, Exp. (ii)J; find 


r by the equation 


C'= 


F 

G + ii + r' 


when the resistances of G and R are known. 


(ill) By Voltmeter [see § <5(5, Exp. (iv)]. 

Find E = k.m f. of battery by voltmeter direct (Fig. 103 <i). 
Ki = f.d. between A and D (Fig. 1036). 

^, = 500’ where C- current in AD. 


But C = - -— where r is internal resistance of battery. 

50+r J 

Hence Since \\ and E are known r can easily be obtained. 

1 50 + r 


Grouping of Cells. 

" £ 

Wo can now write down Ohm’s equation C - as applied to a 

battery of n cells each of internal resistance r and e.m.f.=£, 
and the total external resistance = H. 

Celia in Series ' C = 

A + nr 

MU in Pitallel C = . 

r 

R + ~ 

n ' 

If there are n rella in s-ries and m in parallel, i.e. a total of mn oelU 
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To obtain the maximum current it is found that in grouping 

a batterv i.f cells R should as nearly as possible equal ; if- the 

external and internal resistance should, as nearly as possible, 
equal each other. 

73. Wheatstone’s Bridge. 

'file simplest form of Wheatstone’s Bridge consists of a high- 
resistance wire 1) (Fig. 118), the briihje wire of uniform thick¬ 
ness, stretched tightly along a scale, usually one metre in length, 
between two strips of copper, A and (', which together with a 
third strip Jt are furnished with binding-screws as indicated, and 
screwed to a board. These three strips are of negligible resistance. 
It is evident that there are two gaps in which certain resist¬ 
ances (A 1 ,, lx.,\ may be inserted. A Leclanche or a Parnell's cell • 



is connected between A and C uml the circuit completed by a key K. 
If we trace the current C from E round the circuit we find that 
it divides at A and travels, (1) r, by way of the strip B aij4 
(2) c, by the wire I), to C where it passes by the kfljq K, to the 
cell E again. By either route the potential falls between A and C, 
and we con find a poAit I) in the wire where the potential it the 
tame at in the strip B : this point is found by joinihg B through 
a galvanoscope (current detector) G to a wire which can be moved 1 
along the bridge wire until no deflection occurs an making or 
breaking contact at D. 

1 In some forms of Wheatstone’s Bridge the “moving or travelling 
Contact ’’ la made by means «f a tipper. 


n a 




132 Electricity and Magnetism .[ch. vn 

Let = resistance of the piece of bridge wire AD, o(f length l,, 
D t = „ if » DC J fi , 

Then since the potential in H is the same as at D ’ 

‘ CA--.CA 

and CJi, = CJt f . 

. K; _ A’ a h 
" H, K t W 

asp. L To and tba rwlatane* (J(») of a piece of wire. 

A piece of Iron wire No. 31 h.w.u. length 68 cms. was placed in the gap jR 2 
(Fig. 118); a known standard resistance (7Z,) = 1 ohm was pla«ed in the gap ii,. 
A Daniell’s cell was connected, in the position K, between >1 and C % and one 
terminal of a mirror galvanometer G [g 44] was joined to 71 and the other to 
the moving contact I). (1) 7) was placed opposite the 10th scale division, and 
on tapping K the deflection of tho spot of light (G) was to the left: (2) Dwaa 
placed opposito tho 00th scale division—the spot moved to the right, lienee 
tho neutral or “null” position of P lay between the 10th and 90th scale 
division and was ulthnately found to be at 37*5. 

The length >1/7=37*5=/! oc R, when no deflection in G. 

.*. „ „ DC =62*5=1 2 a 7i 4 

Then since /2 l = 1 ohm and R^IU- 

1 ohm 37-5 
7i 3 = 6*5 ' 

i .*. &j=l*66 ohmf. 

Exp. il. To show that the resistance of a piece of wire depends upon 

(a) the substance of whic^ it is made and 

(b) is directly proportional to its length (1), and 
(e) inversely proportional to its cross-section (a). 


Using the metre bridge (IJig. 118) and a 1-ohm or 2-ohm standard resist¬ 
ance in the position R lt And the resistance, 7? 2 , of the following wires and 
tabulate your results, thus: 


Substance 

V I 

B.W.O.* 

length* 

crosp 

(sq.cms.) j hoci/j j Z a « fl* 
section (o) | t j 

B, 

B,=X 

byeaL 

(1) Coppw 

Nor 311 

100 cms. 

•00O29]27 | 64 cms. 86 cms. 1 

f 1 ohm 

0*56 ohm 

(2) Platinoid 11 

„ 28 

30 „ 

•0011110 53 „ j 47 „ 

1 » 

0-88 „ 

(8) .. 

„ 28 

15 „ 

0011110 68-5 „ j 31*5 „ 


0-44 „ 

(4) A . 

'2<f 

30 

•006566 87 „ I 13 „ 


0-15 

(5) Iron 

„ 36 

100 „ 

■0002927 88 „ 62 „ 

2 ohms 

3-25 ohms 


1 Convenient lengths and gaugea.have been given. c * Or other alloy of high resistance. 
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D«dnet.9nt: 

(а) frcra results of (5) and (1) 

V Resistance of Iron _ 3 25 , 

Resistance of Copper ~ 0*5(3 ~ ' ’ 

(б) from results of (2) and (3) 

• Resistance of 30 cms. of wire _ 0'88 _ 2 

Resistance of 15 cms. of same wire ~ 0*44 ~ 1 ’ 

(cj from results of (2) and (4) 

Resistance of wire of cross-section at area 001111 _0'88_8 
Resistance of wire of cross-section at area '00(1500 ~ 0 15 1 a l ) P rox ' 


Area of cross-section No. 28 s.w.o. _ '001111 
Area of cross-section No. 20 s.w.o. “ -00(350(5 


1 

approx. 


Compare these results severally with the object of the exp. 


Hence B = & , where l=length of wire, a-its cross-sectional area and 


£ depends on the particular material of the wire: and % is called the 

Specific Beal stance [§ 75]. 

V4. The Post Office Bo*. 

A diagram of the arrangement of resistances in Wheatstone's Rridge is 
shown in Fig. 119. The arrangement in the Post Office Pattern of the Bridge 
is shown diagrammatically in Fig. 120 and a drawing of an actual Fo»t 
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Office Box ia given in Fig. 121. Tho student should make afplan of the 
particular box that he uses. 



• R^R 4 . 


Note tho order— A, 1000, 100, 10, Ii, 10, 100, 1000, C, in the arms corre¬ 
sponding to R { and 7f 2 . If equal resistance gaps are opened by removing 
plugs in All and 11C, then the Resistance in when the “null” condition 
is obtained, will be the Actual Resistance of li 4 ,*\hus : 

III ilj. 100 _ if, 

if 3 lt { ' TOO * 4 ‘ 

If tho ratio of the arms 7fi/7i,j is 10/1 or 100/1 a correspondingly higher 
degree of accuracy is obtained in the ratio of the arms /fy/l?*. 

if 3 is made up of 10 coils #nd plugs of resistances 1, 2, 2, 5, 10, 20, 20, 
60, 100,200, 200, 600, 1000, 2000, 2000, 6000 ohms which give a range from 
1 to 11,000 ohms resistance. 


Exp. To Pleasure accurately the Resistance of lOO cm of Platinoid 
wire S.W.flt. Ho. 38 by means of a P.O. Resistance Bbx. 

Measure approx. 106 cms. of lacquer covered wile. Scrape off about 2cms. 
of the insulating covering et one end and fix it on the binding screw C. 
Fig. 120. Measure off exaotly 100 cms. And scrape the remainder of the wire 
and screw it accurately to D so that the 100 cms. c of insulated wire are 
termmated at Oanti D. (1) Connect B and D to a Mirror Galvanometer; 
(2) A and C to a Daniell’s cell with a key in the circuit; (3) remove the 
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Specific Resistance 

-* v r~«? and depress the key : Obt. Deflection of spot of light to the 
r-ignt ; (4). insert the oo plug and remove the 1 ohm plug and de ress the key: 
Obi. Deflv^on is to left ; .\ the resistance R 4 is between 1 ohm and oo. 
(This is h rough test that the connections are correct); (5) it was found that 
with three ohms resistance in R 3 the spot moved to the right, and with 
2 ohms ^t moved to the lejt\ li 4 is between 2 and 3 ohms; (ti) extracted 
100 ohms from Ali and 10 ohms from IiC, R\ was found to lie between 20 
and 30 ohms; (7) extracted 1000 ohms from Ali and 10 ohms from JiC, ll 4 
was ffiund to be 202 ohms at the “ null ” condition. 


1000 ohms 
10 olnnB 


292 ohms 
Ji 4 ohm» * 


B 3 = 2*02 ohmi. 


75. Specific Resistance [£]. 

Referring to the formula if = ^ [§ 73, Exp. ii] we can find 

the value of the Specific Resistance, if we make l -l cm. and 
o - i sq. cm., i.e. we find the Specific Resistance of a material to be. 
the resistance, of a cube of 1 cm. edge to the passage of a stream 
of eleotrons moving parallel to ono of its edges. 

• From the result of the last exp. calculate the Specific 
Resistance Of that particular specimen of Platinoid. 

R = 2'92 ohms , 1 - 1 uO cin.s. ; a = ’001111 sq. cms. 
for No. 28 s.w.o. wire. S> = Specific Resistance, 

since * = .•.2’^ohms = ». 0 oj ) ? rT , 

Sb = *00003244 = 32*44 x 10 «ohms. 

Exercise. From the results of Exp. ii, § calculate the Specific Resist¬ 
ances of Iron and Silver. 


76. Comparison of Resistances of Liquids. 

The Resistances offered by various Liquids majTbe compared 
by the fallowing devi<* which is based on the Wheatstone’s Bridge 
arrangement. The arms AB, BC (Fig. 122), contain 2 resistances 
(if,, if,) approximately equal, of about 30 ohms each 1 . The arm 
AD contains an electrolyte (say dilute salt solution) in a tube 
1 Two low resistance glow lamps for instance. # 
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with copper terminals passed through corks as shown its resist¬ 
ance li % need not be knpwn. The 
electrolytes (say Copper Sulphate 
solution of various strengths) 
whose resistances are to .be com¬ 
pared are placed in the tube in 
thearm CD in which an adjustable 
terminal IF passes through the 
upper cork. It is necessary to 

eliminate the hack K.M.F. at the 

• 

terminals in the electrolytes. 
This isdone bypassing alternating 
currents through tho liquids from 
the secondary coil S of an in¬ 
duction coil 1 from which , the 
condenser has been removed from 
the primary circuit. The coil is 
inserted between A and C instead 
of a battery giving a continuous 
current. It is necessary to sub¬ 
stitute a telephone receiver 7'for 
a galvanoseopo between B and D. 
On depressing .AT the induction coil 
is actuated and a noise will also be 
heard in the telephone until the 
null condition is obtained by ad¬ 
justing pushing in or with¬ 
drawing tho wire IF. When the buzzing in the telephone is 
roffuced to aoinimum, measure the length L between the terminals 
which gives a measure of B t . Repeat the exp. substituting other 
solutions of various strengths in IF, but keeping X, constant. 

Practical IXnolaa Fin,', how the .resistance of a solution of Copper 
Sulphate (say) varies with the concentration. Plot a carve from your results. 
(Baistance varies as,£; concentration should be given in grams per litre.) 

b 4 *■ 

1 Avoid shocks by not adjusting W when K is depressed. 



Fig. 122, S- Induction Coil. 
Telephone. 

JK=Tube with adjustable \Rire. 
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SpMlfl^XMlstAiice of a Liquid may be found by the above method, 
uoing a EO. Box and a single tube If' containing the solution (Jit). The 
area (a) of/)\e terminals in the tube W must be known ; they should be equal 
and circular of radius r ems, Then 

R,=i'=$ l .„ 

q a m- 

■ ■" i .■ 

Resistance varies with the Change of Tem¬ 
perature of the Conductor. 

The resistance, of pure metals increases as the temperature rises. 
This may bo shown by inserting in a 
Wheatstone's llridge(74) a spiral of thin 
lacquer-covered' iron wire contained in 
a vessel of water (Fig, 12.'1) which may 
be Jjrst cooled to 0” C. by adding ice 
and afterwards gradually raised to a 
temperature of about 80°. A thermo¬ 
meter T and ft glass stirring rod S are 
necessary accessories. Thick copper 
wires, insulated with lacquer, connect 
the spiral to the bridge terminals B 
and C. Resistances are measured at 
intervals of 10° from 0° to 80’ C. 

(- A,... Ji m ) and a graph plotted which 
is found to be almost a straight line. ^'8- 

Continue the curve to find the resistance at 100° - K m 

Then 7f IM - 7?„ = rise in resistance 7f 0 coil for 100° C. 

. ftw ~ ft« _ 

10074 ” 

. ftm ~ ft, _ 

■■ ft,, ~ 

, = percentage increase in resistance per 1' 0. 

= 0-4 °/ o for pure metals (approx.). 

1 Uninsulated wire may be used if the coil is immqpsed in paraffin oil in 
an inner vessel, surrounded by an outer water bath, the tenfperatwe ofarhioh 
may be raised. 



a resistance of 1 ohm coil for 1°0. 


100 ohm coil for 1°C. 
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If t represents the rise in temperature above 0° thfh 

- Temperature Coefficient of Resist? 3ce =p, 

t. R 0 

i.e. p = Resistance increment of one ohm coil per degree. 

R t = R 0 (l+ P t). 

Dewar and Fleming found that at very low temperatures the 
resistance was so much reduced that at -273°C. (the absolute 
zero) pure metals would offer no resistance to the passage of 
electrons. * 

The Resistance of Constantin or Eureka (an alley of 40 °/ o Ni 
and G0 °/ o Du) and Mamjanin (Mn 4, Ni 12, Cu 84) wires is not 
affected by change of temperature. 

The chief exception to the general rule is carbon, the resist¬ 
ance of which decreases greatly as its temperature rises. 

Electrical Bealstance Thermometer* (Pyrometer*). 

The* principle that resistance increases with »iso in temperature is applied 
in making high temperature thermometers (pyrometers). A fine platinum 
spiral, of known resistance at ordinary temperatures, is contained in a 
porcelain tube which is placed in the furnace or crucible the temperature of 
which is required. The resistance of the coil is then measured while it is in 
the furnace. The coefficient of increase of resistance (p) being known the rise 
in temperature is calculated from the formula lt t =11^11+ pt). 


78. Typical Example*, with their Solution*, on Ohap. VH 

Example i. An electric circuit consisting of a battery, tangent galvano¬ 
meter and resistance box is traversed by a current which gives a deflection of 
40° when there is no resistance in the box and 15° when the box contains 
10 ohms. What is the remaining resistance in the circuit? 

Let J7 = remaining resistance iu ohms; E-v.. M.K.of battery and C\ and C% 
the currents through the galvanometer. 

** C x = K tan 40° = .(a), 


Hence since 4 


C\=K tan 15° = 


10 + 11 


■(b). 


tan 40“ = '8391, 
tan 15° =2679, 


o 8391 _ 10-KR 
’' 2679 R 


R=s 4*6 ohms (approx.). 
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Exarrpl\ii. The total current from a main supply of 110 volts sent 
through a lighting circuit containing 20 lamps in parallel is 10 amperes. 
Find the mjstance of each lamp. 

Let R = equivalent resistance of lamps in ohms. 

.Ri = resistance of each lajnp. 

Then , since lamps are in parallel [§ 70]. 

C=|. 10fl = fl0. 

.'.11 —11 and il x 20.—220 ohms. 


Example Hi. A total current of (5 amperes Hows through three wires in 
parallel whose resistances are 2, 3, 4 ohmsreH|)ectively. Calculate the current 
in each wire. 


Let /?_equivalent resistance; E =potential difference between the ends, 
and Cj, C’ 3 , C'3 the currents in each wire. 



GV- 


E 
3 ’ 




E 
4 * 


11 1 1 13 

• R 2 + 3 + 4~12* 

11 - ~ ohm. 

Now Csz~. 6= ^. .* 

K J! 

6x12 u 
. t. = volts. 

HcnceC, = ^-i? = 2}S amps. 

C u = 1 ] J amps. 


Example iv. The terminals of*a battery consisting of 3 cells in scries 
each having an e.m.f. of 1-6 volts, and a resistance of 1 ohm, are joined by 
two wires in parallel, one of 4 ohms, the other of 5 ohms. Calculate the 
current in each wire. Let R —equivalent resistance of wires. 

1 1 1 




li~ r, 4 20 
If Css total current in amperes, then C 


JZa2g ohms. 


#Jx9 


amps. 


4-8 4-8 

+ 470 

Let — current in w?re of 5 ohms, Cz =current in wire of 4 ohms. 


Hence 


c -=i> 


c a = 


48x9 192 , 

476" ~ 470 ~ ^ smp ' (»PP r01 -)- 


48x9 
1 470 3 


*51 amp. (approx.). 
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Example v. The specific resistance of Eureka wire = -OOOO^P ohm. Find 
the length of Eureka wire No. 80, diameter *315 mm. required for/ resistance 
of 10 ohms. * 

„ .. . , total resistance x area of section 

Specific resistance =* length* -— « 

1ft 22 /-omy 
10x 7 M 2 ) 

fength= -wou«— =162cms - 


Questions on Chapteh VII 

1. In any simple electrical circuit what relation exists between the 
strength of the current, the e.m.f. of the battery circuit and the resistance 
of the circuit? How would you verify the relationship experimentally? 
Define the practical units of curront, e.m.f. and resistance. 

2. If the resistance between the terminals of a battery is doubled, is 
there any alteration caused in (u) the strength of the current, (b) the b.h.f. 

• of the battery? If so, to what extent? ' 

8. What exactly ftj meant by the e.m.f. of a cell? Describe a method of 
quickly determining its value. Account for the falling off of the potential 
difference between the terminals when the current through the cirouit \s 
increased by lowering the external resistance. 

4. Describe a simple form of voltmeter and contrast it with the ammeter. 
How is it possible to fit up a tangent galvanometer for use as a voltmeter? 

i « 

5. An unmarked instrument for measuring electric current is handed to 
you. What characteristics would you look for to determine whether it had 
been designed as (a) an ammeter, ( 6 )*a voltmeter, or (c) an instrument 
obeying the tangent law ? What is the relation of the ampdre and the volt to 
the absolute units of electricity ? 

6. Describe any simple experimental method of comparing the B.u.r.’s of 
two given cells. On what principles does your method depend ? 

*7. Show, with simple diagrams, how resistances can be connected (a) in 
series, (b) in parallel, and deduce appropriate formulae for the equivalent 
resistances of the systems. ( 

8 . Repeat Q. 7 for cells. What is meant by the internal resistance of a 
cell? How would*you quickly determine the internal resistance of a given 
DanielPa cell? How is the internal resistauoe of a Ample cell altered by 
varying (a) the area of the plates, (fc) their distance apart, (e) the strength 
of the electrolyte ^ 
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9. The i^d. of a city supply is 220 volts. Construct a graph showing the 
variation a the total current passing through a switchboard due to the 
insertion of successive lamps each of resistance 300 ohms (a) in parallel, 
(6) in series. ‘(See Appendix I.) 

10. ^hat is a shunt ? Describe its use in connection with an ammeter. 

11. A galvanometer of 100 ohms resistance can only indicate a maximum 
ourreat of 5 ampbres. What must be the value of the shunt, used in con¬ 
junction with this instrunfent, to'record currents up to 100 amps.? 

12. It is desired to uso an ammeter reading up to one ampere and having 
a resistance of 4*5 ohms for measuring currents up to 10 amps. Explain 
carefully, giving all the calculations necessary, what would need to be dono 
to attain thiB end. L. U. 1920. 

13. A battery whose e.m.f. is 1-2 volts and internal resistance 1 ohm is 
connected in series with a coil of resistance f> ohms and a galvanomoter of 
resi|tanco 10 ohms. What is the current through the galvanometer? What 
will be the effect of replacing the battery by two similar cells (a) in series,* 
(b) in parallel ? 

. 14. A Daniell’s cell of k.u.f. 1-1 volts and £ ohm internal resistance is 

connected in series with a tangent galvanometer of resistance 2 ohms. Com¬ 
pare the current passed through the galvanometer with that from a Leclanchb 
cell k.m.f. 1*35 volts, intprnal resistance -25 ohm. 

15. Under what conditions are cells used (a) in parallel, (5) in series ? 

Four Daniell’s cells of k.m.f. 1*1 volts and internal resistance *5 ohm are 

connected [a) in series, (6) in prfallel through an external resistance of 
*2 ohm. Compare the currents produced in each case. 

If the external resistance is increased to 20 ohms, deduce the new values 
for the currents produced. State your conclusions. 

16. Find the resistance of the wire which must be joined in parallel with 
a wire of 15 ohms resistance to reduce their oombined resistance to 18*5 olyns. 

17. The terminals of a batteiy consisting of three oeils in series, each 
having an k.u.f. of 1 vqjt and a resistance of 1 ohm, are joined by two wires 
in series, one of 4 ohms and the other of 5 ohms. Give the intensity (value) 
of the current which will pass through the battery. O.L.B. 1920. 

18. Two coils have a combined resistance of 12 ohms when connected in 
series, and 1} ohms when connected in parallel. *Fipd their rypeetive 
resistances. L.M. 1917. 
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19. The terminals of a battery are connected by a voltmeter ',/hich shows 
a reading of 15 volts. The terminals are then also joined by / ires to an 
ammeter. The ammeter registers 15 amperes and the voltmeter 9 volts. 

(а) Explain drop in voltmeter reading. 

(б) Calculate the resistance of the battery. 

(c) Find the resistance of the ammeter with its leads. O.L.S. 19^0. 

20. The Specific Resistance of Platinoid wire is about ’000034 .ohm. 
Find the length of wire No. 26, diam. = -457 mm. required for a resistance of 
100 ohms. 

21. Write a careful description of a resistance box. How are the coils 
made and wound ? 

22. Give full details of any experiment you would perform to obtain the 
resistance of a given coil of wiro using an ammeter and a voltmeter. 

23. How can the resistance of an electric lamp be measured? Draw a 
diagrara'indicating the apparatus that would be used and the manner in 
.which it would be connected up. L.U. 1920. 

24. Describe the method of obtaining the value of an unknown resistance 
by what is known as the Wheatstone Bridge. Prove any formula you use. 

25. You are required to make a 1 ohm coil from a piece of platinoid 1 
wire. Give the details of the experiment, carefully stating what precautions 
are necessary to ensure accuracy. 

26. In the Wheatstone’s Bridge method explain why 

(i) the final bridge reading should not be near the ends of the bridge, 

(ii) it is advisable to interchange the positions of the unknown resistance 

and the resistance box. w 

(iii) the diameter of the bridge wire should be uniform. O.L.S. 1920. 

27. What is a Post Office Box ? Describe its construction and state how 
it is used in the accurate detehnination of unknown resistances. 

28. Describe the Potentiometer method of comparing the k.m.v. of two 
oeli*. State wh^ 

(а) the potentiometer wire should bo^of uniform section And as long as 
possible with convenience, 

(б) an accumulator is usually used to provide the main current. 

29. Describe an accurate method of obtaining the value of the internal 
resistance of a cell. Why do the values obtained for a given make of oell 
vary wglely in practical? 
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UNITS AND DEFINITIONS. 

HEATING EFFECTS OF THE ELECTRIC CURRENT 

!®. I. Absolute Units (A-). 

The absolute unit of electrical charge (or quantity), 

denoted by q. * 

If two fife*charges of electricity of equal strength, placed 1 cm. 
apart, repel each other with a force of 1 dyne, each is called an 
absolute unit of chart/e. 

The absolute unit of Potential Difference (or of 
E.M.F.), denoted by e. 

If 1 enj of work is needed to move 1 abs. unit of charge or 
quantity, from one point to another, against the force of an electric 
field there is said to be an unit of Potential Difference between 
tie two points. 

The absolute electro-magnetic (A.-E.-M.) unit of 

Current was defined*in S 46 and is denoted by c. 

• • 

The A.-E.-M.-unit of Resistance, denoted by r. 

A wire or other conductor jias the a.-k. u.-unit of Resistance 
when an absolute unit of p.n. must lie maintained lastween ita ends 
in order that the A.-K.-M.-unit of current may flow in tho wire. 

The A.-E.-M.-unit of Quantity of electricity, denoted 
by q, is conveyed by the A.-K. M. unit of current in 1 sec. 

H Practical Units (P-). . 

The Practical unit of Potential Difference (or of 
E.M.F.) ^the Volt]! 

The k.s.f. of a Voltaic Cell, i.t, the p.n.' betweeh the terminals 
On "open circuit," ft more than 100,000,000 absolute units of p.D. 

1 For distinction between x.w.r. and p.d. see pp. 17-21.’ 
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These units are evidently very small and it is therefor,, necessary 
for practical purposes to increase the unit considerably. f . The unit 
selected is called the Volt. 

, 1 Volt = ia 8 A.-E.-M.-unlts of P.D. 

E expresses the e.m.p. or p.d. in Volts. 

The P-unlt of Current [the Ampere] has already been 
defined [<j§ 45-01], , 

1 Ampfere = ,' ff (or 10* 1 ) A.-E.-M.-unit of Current. 

C expresses the current in Amperes. 

The P-unit of Resistance [the OhmJ. 

The value of the Ohm follows from the equation which ex¬ 
presses Ohm’s Law, viz. 


E.M.F. 
current 
Volts 


Amperes 


= Resistance, 

Ohms (practical units), 


«.«. 


10*A.-E.-M.-Units of E.M.P. 
10"’ a.-e.-m. units of current 


10* A.-E.-M.-units of Resistance, 


1 Ohm = 10 8 A.-E.-M.-unit, of Resistance. 

K expresses the Resistance in Ohms. 

The P-unlt of Quantity (the Coulomb) is carried by 

1 Ampere in 1 sec. 

Q expresses the Quantity in Coulombs = Ct, 
i.e. Q coulombs are carried by C ampdre in t secs. 

< 1 Coulomb s j'g (t.e. 10 1 ) A.-E.-M.-unit of Quantity, 


80. Electrical Work, Energy, Power. 

Work, From the definition given in § 79 of the absolute unit 
of P.I>. 1 erg of work is done when an absolute unit quantity of 
electricity is moved from one point to another between which 
theril is an absolute unit of p.d. 






» 
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WheiVj units are moved through a p.d. of e units qe orgs of 
work ard^one = W, 

. i.e. W = qe in absolute units. 

The Joule. If the P-unit of quantity, 1 coulomb [i.e. 10~ f 
A-units], is moved through a p.d. of 1 Volt (i..e. 10" A-units) the 
work done is called a Joule; but, 
w=qxe, 

the /'-unit of Work = 10“' x 10* = 10 7 ergs (A-units) 

a = 1 coulomb x 1 Volt - I Joule (P-units). 

1 Joule = 10 7 erga. 

Hence work done (If) when Q coulombs urn moved through 


a p.d. of E volts = Q E joules, t 

i.e. , W - QE joules,.(1). 

but 1 coulomb -- quantity carried by 1 ampere in 1 sec. 

.'. Q^Ct- „ V „ t -(2). 
Substituting (2) in (1), 

)V = CtE joules .(3), 

i.e. w ClE x 10 ; ergs ...(1), 


Energy is the capacity to do work. 

Power is the rate of doing work. 

If IV ergs of work are done in a circuit in l secs, then rate of 

w * 

doing work, i.e. power - -- units of electrical power, but by 
equations (1) and (3), * 

W = QE joules = CEl joules, 

w* 

a .'. — = CE joules per sec...(5). 

t ■ 

9 

i 1 Joule tz{ of a Foot-Pound (approx.)- Work doiu> is expressed her# by 
w ergs or W joules. 


RE. 
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So that the Power at which an electric current dbes work is 
equivalent to the product of the current (in ampere$ and the 
pressure (in volts) under which it is driven through the circuit. 

Power=amps, x volte. 

Electrical power is expressed in units called Watte., 

.'. by equation (5) 1 Watt = 1 Joule per eec. • 

- the power developed by a current of 1 Ampi're driven iby an 
electric pressure of 1 Volt, 
hence watte - ampiree x volts. 

A Kilowatt is 1000 Watts. . 

To convert Watts Into Hone-Power (H.«P.). 

1 H.-T. = 33000 ft. -pounds per minute 
, —550 ,, „ sec. 

[1 ft. = 30’4Hcms., 1 pound=453*6 grams, 0=981.] 
= 550 x 453-0 x 981 x 30-48 ergs per sec. 

= 746 x 10 7 ergs per sec. (approx.) 

= 746 joules per sec. 

= 74a watts 
= jj kilowatt (approx.). 

.-. 1 kilowatt=lJ H.-P. ( „ ). 

A Board of Trad* ’Jnlt (B.T. unit) is a Kilowatt of energy kept going 
for 1 hour = 1 kilowatt-hour, hence B.T. units=Kilowatts x Hours. 

[For worked Examples seo § 85.] 

81. Heating Effect of the Electric Current. 

I. The Joule Effect. 

r 

The reader’s attention was drawn in the first paragraph of 
this book to the distribution and dissipation of the electric energy 
of a current Along a single street, for instance, the supply of 
electric energy conveyed by the town mains is utilised for lighting 
tlie streets and houses, for working the mitors on the trams and 
in the workshops, for electroplating, for welding metals, 1 for heating, 
cooking and ironing, for X-ray work and, cauterizing at the 
hospitals and, in many other ways. The conversion of electric 
energy into heat energy is called the Joule effect. 
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Bxp. It To lllnstrato tho conversion of electric onersy to hoot 

energy—'be simplest method of dissipating electric energy—connect 3 or 4 
Bichromate, or Grove's, or even dry-cells in series, and join the outer 
terminals hjefsay) an inch length of fine Iron wire. The electric energy is 
dissipated in beat throughout the circuit, but is chiefly noticeable in the wire 
which lugiomes red hot and ultimately fuses. 

The heating is due to the resistance of the conductor to the 
passage of electrons. In SJ 80 we found that a current of C ampires 
flowing for t secs, through a r. n. of A volts develops Cl, E joules, 
i.e. W - Cl. A'joules .(1). 

If the resistance of the conductor = It, we know by Ohm’s 


Law that E - CIt volts. 

Substituting in (1) 

W ----- Cl. CIt joules 
= C ! . Ill joules, 

W ■ O'. I‘t X 10" ergs. • .(2). 

The Mechanical Equivalent of 1 Calorie of Heat was found 1 
(b be 4-2 x 10’ ergs (called J). If the heat developed - // calories, 
thon w -JII= V-Kt v 10 : ergs.(3), 

4-aH = C*Kt .(4), 

= CtE .(5), 


where H is in Calories, C in Amperes, H in Olnns, t in secs, and 
E in volts. 

This equation expressed in words constitutes J OUle’S Law, 
viz, the number of unite of heat developed in a conductor is pro- 
portioned to (a) the etjuarc of the current-etrmyth , 

(6) the resistance of the conductor, 

(c) the time that the current flows. 

Bxp. (U). To allow Shat B a ST [see (h) and (c) above] the current 
remaining constant. • 

Take two small c^orimeters hl u M t , of approx, the same weight and 
ahape, each fltted with a spiral (see Fig. 123) of th^same kind of^ thin 

1 See Experimental Science, Part I, Physics, Section IV, Heat, 816*- 
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lacquer-covered (i.e. insulated) manganin wire of measured lengths 1 l x , l 2 
Call the resistance of the spirals I?j, fy, then 

Counterpoise the calorimeters and add to each exactly equal weights of watei 
which, to reduce errors of radiation, should be cooled to a few degrees below 
the temp, of the laboratory at the beginning of the experiment. Adjust the 
thick insulated oopper leading wires, shown in Fig. 124, to touch the water. 

In order to pass th& same 

__ curretU through both calorimeters 

r—/ I / */J connect them in series with a 

\ 4- volt accum ulator (//), a tangent 

galvanometer (t'.g.) with comma- 
ammeter 
i variable 



/f\\ tator (Fij?. 124), or an ai 

/ v/ 1 I ('0 rending to 2 amps., a > 
i Jj I I | resistance (11) and a pli 

- :—^ l> TTiaimr n n°__an° tlinrmf 


flug (K). 

Using a 0°—30° thermomoter, 
reading to 0 ‘2°C., take tempera¬ 
ture readings (T l , T 3 , T t , for M x 
and T 2 , T it T a for il/.j) at the beginning and the end of two consecutive 
intervals of t secs, (say 10 minutes each), Roverse the current quickly 
between the two intervals if n t.u. is used. By means of the adjustable 
resistance (Ji), keep the current constant throughout. 

[For Exp. (iii), it is also necessary to take the 4 galvanometer readings, 
and obtain the mean (say) 0\° or if an ammete» is used record the current 
(»J)CiO 
Then 

1st interval (t sec,l 2nd interval (t sec.) Total time (2t) 
(A) Rise in temp, of Hfj = IV - T,° 2’ 6 ° - Tf T b ° - T x ° 

„ „ „ 2V-2V T q °-T 2 ° 

It is found that for each qqual interval and using equal weights of water 
Rise in temp, of M j R} 

Rise in temp, of M 2 ~ l 2 Ii 2 * 
so that by keying C and i constant we have shown that the 11 developed is 
proportional to the R ; 

(C) also, Rise in Temperature (proportional t«* Heat developed) in either 
oalorimeter is proportional to the time that the current flows* 

T^-Tx t sec. 1 
t.g.lotil, j,-_ Ti - 2t gB0 

> l If thv. 2 cdils are not of the same wire and of unknown lengths, it is 
necessary to find the Resistanoe of each ooil. A useful ratio of lengths is 


<B) 
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Bzp. (ik). To show that SCO* [see Joule’s Law (n)J. 

Cut oil;* either of the Calorimeters (say) Mi [use Fig. 134 with if, removed] 
and repeat Exp. (ii) with exactly the same weight of water in Jtf s . Let the 
Temperaturi^readings be 2’ 7 °* 2V, 2V at thfe beginning and the end of two 
equal consecutive intervals of t secs. (Bay 10 minutes each). Let mean t.g. 
deflection = or, if an ammeter is used, keep the current constant at C\, 
then it*is found for any two corresponding intervals for M 2 

« Rise in Temp, in E xp, (iii) _ . . T g °~ 2 7 ° _ tan C£ 

Rise in Temp, in Nxp. (ii) “ ' 8ay ' 2’V - T-f ~ tan t “ cy * 

So that by passing different currents through the same quantity of water for 
equal times, each current remaining constant during each experiment, wo 
have shown that the Heat developed in proportional to the equate of the 
current. 

82. To find the mechanical Equivalent of Heat 
[Joule’s Equivalent J] by an Electrical method. 

• JH = C 2 Rt. [See § 81, Equations (1)—(4).] 

Tho method is identical with that of Exp. (iii), 8 hi above, but it is 
peoessary to know (1) the Resistance of the coil (B), (2) the weight of water 
and the water equivalent of the calorimeter in order to measure tho heat 
developed (H), in addition to C by t.u. or ammeter and t by the clock [uso 


Fig. 124 without J/,]=(say) 7*5 ohms. 

(a) To obtain B, use # a Wheatstone’s Bridge. # 

(b) To obtain H: 

(1) Weigh tho empty copper calorimeter (h.h.— *0U5) . 20 gins. 

(2) „ ,, „ „ 4-water. 70 „ 

Wt. of cold water. 50 „ 

add water equivalent of calorimeter (20 x ’005) — approx. ... 2 „ 

add water equivalent of thermometer *. 0*5 •• 

Total water equivalent of calorimeter and contents. 52*6 „ 

(3) Temperature before passing current. 10°0. a 

„ of Laboratory 1 15°. * 

„ after passing current . 20° 0, 

Rise in temperatufe of 52*5gmi. water. 10°0. 

//.amass of water x rise of T. — 52'5 x 10=525 calories. 


1 Note how radiation error iB avoided. Do not start the current until the 
temp, of the oold water has risen to about 5° below the temp, of UUyatory 
and oontinoe until the temp, of water has risen 5° ajmt lab. temp. # 
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(c) To obtain 0 use a t.g. and commutator, reversing the current when 
the temp, has risen to that of laboratory (mean of 4 readiiyjB 0°); the 
constant ( k ) of the t.g. must be known : 

Then current= k tan 0 = (say) 0*5 amp., or use an rfmmeter. In 
either caRe keep the culrent constant by means of the variable resist¬ 
ance R [see Fig. 124 without M,]. • 

(d) To obtain t: use watch with seconds-hand = (say) 19 mins. 4&secs. 

= 1180 secs.; * 

then substituting in Joulo’s equation JlI=C l Rt 
J x 525=0-5 x 0-5 x 7*5 x 1180. 

.*. J= *25 x 7*5 x 1180/525=4'i 1 Joules [P-units] 

-4*3 x lO 7 erga [A-units].* 

Praotloal ExercUe. (a) (liven the voltage of the local supply, suggest a 
mothod of finding (1) the current used by, and (2) the resistance of an electric 
glow lamp. Design the calorimeter you would use and name all precautions 
necessary for safely and successfully carrying out your exp. ( b ) Hence how 
would you calculate (3) the number of kilowatts used per hour, and (4) the cost 
“per hour given the price of a b.t.it. [See Example ii, § 85.] e 

« 

83. II. The Seebeck Effect was discovered by Seebeck 
in 1821. It may be illustrated by the following. 

Bxp. Two dissimilar metals, e.g. (a) copper and iron, or (6) bismuth and 

antimony, soldered or jointed 




together, have their free ends 
jcyued through a mirror gal¬ 
vanometer (Figs. 125 a and ft). 
If the junction II is warmed 
to a temperature higher than 
the rest of the circuit, an e.m.f. 
is produced which drives a 
current across the junction in 
the order mentioned above and 


Fig. 125. 


ro round the circuit. 


• If, on the o^Jjer hand, the junction is cooled below the rest of the circuit 
the ourrent is reversed. « 


The effect is greatly enhanced if several couple^ are joined in series and 
corresponding junctions are warmed (Fig. 125 c). 

84. III. ’The Peltier Effect. 

In order to obtain the Seebeck Effect heat energy was supplied to or taken 
from £ junction 4 whtre it was transformed to electric energy. The Peltier 
Effect i0 the converse of this. 



I 
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If an e.v.f. is supplied to.the circuits shown in Figs. 125 a, 5,andr, so that 


the current flows in the same direction, the junctions 
are cooled ,if in tlie opposite direction they are heated 
(Fig. 126). . 

It must be borne in mind that the Joule Effect 
will disturb the Peltier Effect, for the temperature of 
the metals will rise owing to their resistance to the 
current. The Joule Effect may, however, be eliminated 
from*a demonstration exp. by passing current through 
two adjacent junctions (fig. 127). (1) /I to A on the 



Fig. 126. 


left, and (2) A to II, cold ((,*) being developed at the first and heat (II) at the 
second by the Peltier Effect, while the Joule Effect will go on equally at 
both junctions. If these junctions are placed respectively in the bulbs of a 
differential air thermometer, only the Peltier Effect alters the position of the 


mercury index which therefore moves to the left. 



Fig. 127. • 


85. Typical Problems on Heating and Power. 

Example i. _ 

A current passes along a spiral of wire immersed in water contained in a 
calorimeter. Calculate4he p.d. between its ends from the following data: 
Wt. qf calorimeter=20-2 gms. 

Water equivalent of calorimeter = 2 gms. 

Wt. of calorin&ter + waters218'2 gms. 

Current registered by ammeter = 2 amperes. 

Temp, at beginning of experiments: 16°C. 

Temp, after 15 minutes = 17° C. 
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Eqniv. wt. of water=200gms. Heat developed in IS minus400oils. 

Now JH=ECt, # 

and when H is in cals., C in amps., E in volts, J=4’2. [See § 81.] 

4-2 x400=A’x 2x15x60. * 

*. E= 03 volt. 

Example ii. « 

A 40 watt lamp is connected to a 220 volt supply circuit. How much 
current will it take and how much will it cost to jun for 20 hrs. at 8 a. per 
Board of Trade unit ? 

Watts-amps. »> volts. [§ 80.] 

.-.40 = 220 x 6’. « 

.*. 6’ = 3 4 3 =amp&re. 

1 Board of Trade uuit = l kilowatt x 1 hr. 

No. of b.t.u. consumed = ,Ho x 20- t ’o = *8. 

• Cost = *8 x 8 - 3*4 pence. 

4 Example iii. « 

An electric radiate* which takes 1*5 kilowatts is connected to mains 
which supply electricity at 200 volts pressure. Calculate (i) the strength of 
the current passing through the radiator, (ii) the resistance of the radiator, 
(iii) the number of calories of heat produced in 1 hour. 

(1 cal. = 42 Joules. 1 watt = l Joule per second.) O.L.S. 1920. 

Watts = amps, x volts. , 

1500 = 6x200. *■ 


.'. 6’=7*5 amptrta. 

r- n ■ 

.*. B = 23*3 otuna . 

1 watt=l Joul<%per sec. 

1*5 SiW.slSOO Joules per sec. 

= 1500 x 60x00 Joules per hour 
1500 x 60 x 60 
* 4-2 




-(ii). 


cals, per hour 


= 1386714 cals. 
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Questions on Chapter VIII 

1. What is meant by the term “ Mechanical Equivalent of Heat ”? 

In thif connection, define the units calorie, erg and Joule. 

Obtlfin a relation for the heat developed in a conductor carrying an 
electric ourrent. Bo careful to Rtato the units in which you are working. 

2. How would you proceed to discover experimentally the connection 

between the heat developed in a coil of jvire and the current passing through 
it ? Describe in detail the precautions you would take to ensure an accurate 
answer. • 

3. An electric current is passed along a chain composed of alternate links 
of platinum and silver. The platinum links glow brightly—why is this ? 

4. Two equally long copper and silver wires are suspended frem two 
supports and are so connected that a current travelling along the copper wire 
returns along the silver. It is found that the copper wir^ sags. Give a reason 
for this. 

The current is now caused to flow along both wires in parallel and the 
silver wire sags. Why is this ? 

6. Explain why heat is developed in the wire filament of a glow lamp 
whilst the leads are quite <jool. 

6. What is the function &f the “ fuse ’’ inserted in an electric lighting or 
power circuit ? 

7. A light calorimeter contains 1^0 gins, of water at 10°C. A coil of o.h. 

wire is immersed in the water and a current of 1 ampere is passed through, 
the p.d. between the ends of the wire being 28 volts. Calculate tho tempera¬ 
ture at the end of 3 minutes. , 

8. A coil of wire of resistance 3 ohms is placed in a light calorimeter 
containing 400 gms. of water. Find the current required to raise its temper% 
ture 6 degrees per minute. 

9. Galcqjate Joule's Equivalent from the following data: 

Equiv. wt. of water = 100 gms. 

Initial temp.= 15°C. Mean deflection of ga!vanometer*= 26°. 

Final temp. =28°®. Reduction Factor of galvanometer for prac. units 
of current = 3 24. - f 

Duration of exp. =40 mins. Resistance of coil = 1 ohm 
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10. Define watt, kilowatt, horse-power. State the relation between the 
watt anil 1 h.p. What ir.p. will be required to maintain a 50 c.p v glow lamp 
taking watts per candle power? If the p.n. between its terminals is 236 
volts, what is the current passing through the filament ? 

11. What is the Board of Trade unit of electrical energy? The electrical 
installation of a house consists of 30 Tungsten lamps each of 50 q.p. and 
taking 1-5 watts per candle power. If tho mains supply 220 volts pressure, 
what is the current required to light all the lamps? If tho Board of Trade 
unit is fid. find the cost per hour. 

12. Define tho terms arapdre, ohm, volt, watt and stato in what relation 
they stand to the corresponding e.o.s. units. 

An arc lamp takes a current of 7 amperes with a p.d. of 55 volts between 
the carbons. What is its apparent resistance and what power does it con¬ 
sume? L.M. 1918. 



CHAPTER IX 


POTENTIAL, CAPACITY, CONDENSERS, KLECTROPHOHl’S, 
• INFLUENCE MACHINES 

86. Charge and Potential. 

In § 3 a conductor is defined as a substance which readily 
conveys electricity. The electrons in a conductor are therefore 
free to move in any direction. We have also seen that the mutual 
repulsion between electrons constitutes an electric pressure or 
potential comparable to hydrostatic pressure in a gas. 

Consider a spherical conductor (Fig. 128) charged with a surplus 
of electrons (-- ve) and placed in the centre of a large room. This 



Fig. 128. 
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- ve charge induces an equal and opposite charge on the sides and 
walls which are earth connected; lines of force are stretching 
between each electron and its positive counterpart on the walls. 
Now lines of force may Jje likened to elastic strings; there is 
a force or tension along these strings due to the mutual attraction 
between the electrons and the induced + ve charges on the walls. 
There is also a mutual repulsion between each electron and 
on the remaining parts of the conductor. Hence the electrons 
have a tendency to leave the conductor, being urged by forces 
which constitute a pressure called 'potential. Potential may 
therefore be defined as the measure of the condition of a body 
by virtue of which electricity tends to flow from the body to the 
earth (zero potential). 

Positive Potential : the potential of a conductor is said to 
•be + ve when the positive direction of the current is from the body 
to the earth ( i.e . the electron-flow is from the earth to the body). 

Negative Potential: the potential of a conductor is - ve 
when the olectron-flow is from the conductor to the earth. * 

An •lactroaeope measure* potential. 

It is important for the student, at this stage, f o realize that the rise of 
the leaf of an electroscope is a meaHureof its potantial rather than its charge. 
For in Exp. (ii), § 7, when the ebonite rod is brought near the electroscope the 
leaf rlaea although the electroscope is on the whole uncharged, whilst when 
the electroscope is “earthed,” i.e. brought to zero potential, the leaf falls, 
although thero is still a large + ve charge on the knob K. The riso of the leaf 
of the electroscope is due to the tendency of the electrons to go to earth- 
lines of force stretching betweou the negatively charged leaf and the earthed 
portion of the jacket of the electroscope. 

v An electroscope can only he considered to measure charge whon it is 
remote from otto: charged todies. 

87. The potential of a charged * conductor if the 
fame at all pointf on ite iurfhee. v 

This follows from the definition of a conductor, for the electrons 
being free to move must eventually come to rest in positions where 
their ihuttial repulsions or pressures balance. 
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Bxp. (i). Charge the pear-shaped insulated conductor 
tively removing all other neighbouring 
charged bodies. Attach one end of an 
insulated copper wire to the knob of an 
electroscope, and move the other end aloug 
the surface of the conductor. The rise of 
the leaif is everywhere the same. 

B*p. (ii). Repeat Exp. (i), clamping 
a charged rod in a bwette stand and 
placing it near the conductor. 


in Fig. \2 0 nega- 



Bxp. (ill). Repeat Exp. (ii), using a 
hollow conductor, and show that the poten¬ 
tial of its inner surface is the same as that 
of its outer surface. 


Fig. 129. 

A = Pear-shaped insulated con¬ 
ductor. /!- Electroscope. 
ir= Wire moved by an Ebonite 
Rod I). 


88. Connection between Charge and Potential 
Capacity. 


Bxp. Support a hollow metallic 
outside surface being connected to 
an electroscope by copper wire. 
■Lower a charged ball into the can 
by a silk thread and allow it to 
touch the inside of the can. Observe 
the rise of the leaf. •(Remember 
rise ac potential.) Double fhe charge 
on the can by repeating the process 
and again observe, the deflectioj. 
Continue the experiment with a 
steadily increasing charge on the 
can. 

Relationship between 
potential and charge. 

It is found that the poten¬ 
tial is proportional to the 
charge, i.e. • 

potentfe.1 ( V) oc charge (QJ t 


can on a b1oJ> of paraffin wax, its 



r= 


Q 

C’ 


1 In all experiment, in Electrostatic., it i. essential that aliVhe apparatus 
should he kept absolutely dry, and as warm as possible without injuring the 
apparatus. , . 
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where P is a constant depending on the shape, size and position 
of the conductor. 

(a) CV=Q , (6) C = ~ = capacity. 

This constant (C) is called the capacity of the conductor and 
equals the ratio of the charge on a conductor to its potential. 

It can now bo understood why an electroscope may sometimes be used to 
measure tho charge given to it. For if there ore no other ehurged bodiet near, 
this charge distributes itself over the conducting surface of the electroscope, 
and since potential is proportional to charge, the latter may be measured by 
the rise of ttie leaf. 


89. Surface Density. 

Although tho potential of a conductor is uniform at all points, 
"it by no moans follows that tho electrons distribute themselves in 
a layer of uniform clensity along its surface. In fact this is seldom 
the case: for in an irregularly shaped conductor the electrons 
tend to crowd into the more pointed portions of its surface. J 


Fig. 131. 


The surface density or tho amount of 
charge per unit area of a conductor may be 
investigated by means of the proof plane. 
(Fig. 131.) 


Bxp. By moaus of sealing wax attach a small circular piece of copper foil, 
about the size of a sixpence, to the end of an ebonite rod. Charge the pear- 
shaped conductor in § 87, and, holding the proni plane by its insulating 
handle, plaoo the copper disc ih contact with a portion of the surface of the 
conductor. Now the charge on a conductor resides on its outer surface [§ 9 (d)], 
tlp^refore the charge on the surface in contact with the disc is acquired by the 
Utter; if now tli knob of a distant electroscope be touched by the disc of the 
proof plane, the charge on the disc may be measured by the rise of the leaf. 

It is found that tho rise is greater when the proof plane has been in 
contact with the pointed portions of the conductor than when ii has been in 
contact with the more rounded portions. ., 


This result is in accordance with tho electron theory; for an electron in 
file m dtf> pointed portions is in equilibrium under the various repulsive forces 
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exercised on it by the electrons in tho remaining parts of the conductor. 
This condition could only exist, if the pressure due to the electrons spread 
over the greater area of the rounded portions were balanced by a pressure 
due to a greyer charge concentrated on the smaller areas of the more pointed 
portions. 

Aption of Points. 

\^e have seen above that the surface density of the charge on n conductor 
is a maximum on the njost pointed portions of its surface. Where the 
surface actually comes to a sharp point, this concentration may be so great 
that the particles of air in the immediate vicinity acquire some of the 
charge and are ^polled away from the point along lines of force stretching 
between the conductor and the sur¬ 
rounding bodies. This is known as 
a “brush discharge” or “electric 
wind.” The glow of the discharge 
may be observed in tho dark around 
thefjointed portions of any electrical 
machine in action 1 . It is therefore 
necessary to avoid all sharp points in 
the construction of electrical instru- 
fiients, condensers or aerials, which 
are designed to retain charges of elec¬ 
tricity ; on the other hand, use is made 
of the action of points where a «piick # Fig. 131 a. 

discharge of electricity is required- 

Exp. Fix a needle, bent once at right angles, to one terminal of an 
electrical machine (Fig. 131a). Hoft a lighted caudle near the needle point 
and work the machine; the rush of charged air particles, constituting the 
brush discharge, is sufficiently Btrong to blow tho llame away. 

• 

90. Experiments on Capacity. 

Bxp. L From an ebonite rod D fixed between two insulated stands jn 
suspended a rectangular sheet of tip-foil weighted at one eirt! with a piece of 
glass tubing. Two silk fibres attached to this glass rod are threaded, as in a 
Venetian blind (Fig. 13*2f, through holes in the foil and joined together at D. 
The foil is connected at A to an electroscope by means of p wire thread. 

• 

1 Visible during thunderstorms from lightning-conductors and mast¬ 
heads (St Elmo’s Fire). 
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Charge the foil by drawing an electrified ebonite rod over its surface an 
note the rise of the leaf. Decrease the area of the foil by drawing up the sil 
thread at D and observe that the loaf of the electroscope rises. 

[Note: the charge on the foil being the same, the poten*!al has risen 

therefore the capacity has decreased.] 



Bxp. 1L A soap bubble is blown on the end of a glass tube bent once at 
right angles and passing into a water trap (Fig. 183), the other tube of the 



( trap being connected to a piece of rubber tubing provided with a Mohr olip, 
the apparatus being fitted to an insulating stand. 



Condensers 
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A piece of copper wire is wound round the lube at A and is connected to 
an electrosoope. Charge the bubble by touching the wire with an electrified 
rod. Lower the pressure of the gas inside the bubble by opening the clip; 
tiie reduction the size of the bubble is accompanied by a rise in the leaf of 
the electroscope (i.e. capacitt / of bubble is decreased). 



P 

,B 




Bxp. yi. Suspend, opposite to the rectangular sheet of foil .1 in Kip. i, 
a fiimila* piece II which is connected to 
earth by a wire K (Fig. 131). 

Nolice that the leaf of the electro¬ 
scope falls when 

(«) B is brought nearer to A (i.e. • 
capacity has incfpasBd), 

(b) a slab of paraflin wax /* (or 
glass or ebonite) is inserted between the 
two surfaces; 

and rises (i.e. capacity has decreased) 
when 

(dj the area of the surfaces over¬ 
lapping is decreased, 

(d) the distance between the surfaces is increased. 

9 This proves that the capacity of the system is increased by the presence 
of the “ earthed ” sheet of foil and by the insertion of the slab of insuUitin<j 
material. 



131. 


Exp. it. Compare tht» total charge which can be given, before leaking 
occurs, to the sheet A, • 8 

(a) in the presence of B, (b) in the absence of /•', (<•) in the presence of P 
and B. 


91. Condensers. 

An arrangement of two parallel metallic plates, one of which 
is charged and insulated, the other earthed,” constitutes a 
condenser. Our experiments have proved to us that the capacity 
of a conducting plate is greatly increased by the presence of th§ 
earthed plate (Fig. 134). For* when li is near A , a charge of 
opposite sign is induced on the earthed plate. Lines of force 
stretch acrqps the space between the plates, “binding* or “con¬ 
densing” some of tjie charges t>n A to their counterparts on B. 
The potential of A, the tendency of its charge to flow to earth, is 
thus considerably lessened, i.e. its capacity is increaled. Che Sffect* 

11 


a k. 
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is more marked when certain insulating substances, such as glas 
paraffin wax or ebonite, are made the media between the plates 
this medium is called the dielectric. 

The Capacity of a condenser 

K x area of the plates 
distance between the plates’ 

i.e.Ccc d , 

where K is a constant (called the Specific Inductive Capacity 
depending on the inductive properties of tho medium betweei 
the plates. 

The Specific Inductive Capacity of a dielectric is th< 
ratio of tho capacity of a condenser when its plates are separatee 
by the given dielectric, to its capacity when air only is between. 

Table of Specific Inductive Capacities. 

‘ Air - 1 

Glass 8*45—0 9 Mica 6-33-8*0 

Ebonite 3-15—3-48 Paraffin 2-29 

From thin table it is evident that the oapacity of a condenser is greatly 
increased hy the prosenoc of u suitable dielectric, c.g. glass or mica. 

Types of Condenser. 

The Leyden Jar. A glass bottle (Fig. 135) is coated both inside and 
outside with tin-foil to within a fey inches of 
its uityer edge. The remaining portion of 
its surface is painted with shellac varnish. 
A metal rod furnished with a knob passes 
through au insulating cork and makes con¬ 
tact with the inner coating on the bottom 
of the jar by means of a chain. The two 
eonting8 of tin-foil, the outer of which is 
usually connected to earth by means of a 
strip of foil, coiyespond to the two plates 
of the condenser ailready described (Fig. 133) 
with qlasB between as the dielectric. The 
condenser is charg’d by connecting, the 
knob to an electrical machine, e.g. induo- 
' don 6oil ok Wimshurst machine [§ 98]. 
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Bxp. From the secondary terminals of an indnotion coil lead tws pieoea 
of fuse wire each to one of the knobs of two Leyden Jars—the knobs being 
bent dose to one another forming a new spark gap. On working the ooii the 
sparks are no m less frequent but muoh “fatter” and more brilliant. 

A battery of Leyden Jan in Far&lleL * 

Leyde® Jars may be connected “ in parallel ” by joining their knobs by a 
oonductrng wire, their outer coatings resting on a thick strip of tin-foil. We 
have yms virtually increased the area of tho plates: if C is the total capacity 
of the system, n the numbej of jars, c the capacity of each jar, then 

C=nc. 

The Condeneer of an Induction Coil (Fig. 136) consists of a large 

number of sheets of tin-foil separ¬ 
ated by alternate sheets of waxed 
paper. At one comer the waxed 
sheets are cut sway together with 
the odd numbeeed sheets of tin- 
foil, leaving the corners of the Fig. 136. Section of induction ooil con- 
even lumbered sheets of foil to denser. - - - waxed paper. — foil, 
be joined together to form one plate of the combined condenser. At the 
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opposite corner the even numbered sheets of foil are cut away and the 
odd numbered sheets fastened together to form the other plate of the con¬ 
denser. [See § 58.J 

Variable Condensers. 

Variable condensers for use in Wireless Telegraphy and Telephony are 
easily constructed from materials supplied by an electrician. Several semi¬ 
circular aluminium plates A (Fig. 187) are supported by suitable rods, and 
are set parallel to and above one another, at a sullicient distance apkrt to 
allow a second set of plates It fixed on a conducting spindle S to rotate 
between them without touching. Tljc plates of each set are electrically con¬ 
nected but the sets themselves are insulated from one another. Together 
they form a condenser, the capacity of which can be varidd by rotating the 
spindlo by its insulating handle H, thereby altering the effective area of the 
plates. 

A scale C marks the capacity of the coudenser, corresponding to the 
various positions of II. 

B _G A very simple variable condenser (Fig, 138) 

' - ■■-'i- J may be made from a glass tube or an old ebonite 

... . , bicycle pump, coated on the outside with tin-foil: 

Fig. 138. It, brass tube. . . ... . 4l . , . ... 

a, Klaus tube coated with * mctal t,,b " sl,d '' 8 wllhln and fOTms th « mner 
tin-foil. coating of the variable condenser. • 

92. Electrical Machines. 

The Blectrophorua. Into the lid of a roupd mustard tin pour some 
molten shellao or resin And leave it to harden., Obtain a metal disc (Fig. 139) 
of approximately equal diameter and at its centre attach an insulating handle. 
Charge the resin slab m'tj'Uiveli/ by flicking it with fur and place the disc on 



Fig. 139. 


Fig. 140. 
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the slab. This disc may now he considered to be separated from the slab by 
a thin layer of air, as it touches at a few points only the inside flap substance 
in the dish. Earth the negative charge which is repelled to the upper surface 
of the disc, iiift the disc by its insulating handle (Fig. HO). Test the Bign 
of its charge ( + ve) by bringing it near a charged electroscope. 

The ahprge on the disc may be given to another body by conduction and 
the operation repeated almost indefinitely. The process of earthing oan be 
eliminated by driving a, small metal peg P (big. HO) through the resin to 
make contact both with tje disc and the earthed jacket when the former is 
placed on the slab of the electrophorus. 

It will lie noticed that the chargo on the slab remains practically the same: 
the sourco of tl* ‘ electricity induced on the disc must therefore be due to the 
work done by the operator in lifting the disc from the slab, he. in overcoming 
the mutual attraction between the induced and inducing charges. |§ 0.) 


93. Principle of Electrical Influence Machine!. 

The principle of the inure important electrical influence 
machines may he readily understood by referring to Fig. Hit 
A and It are two conducting spheres wliiefi are (a) placed in 


position touching opposite 
ends of an insulated con- 


V 

ducting wire x ; (4) carried \ g 

along paths' indicated by Mwn )+ (*,W!+) 

dotted lines in the figu.o so * \ / r 3 ' 

as to pass through holes _V N / 

in two hollow conducting • ' ' ' 

spheres M and N, which, 

fixed in position and insulated, have flexible wires (.S',, S 2 ) pro¬ 
jecting inside the spheres. Let N have, a small - ve charge. 
When A and It are connected by x, electrons ure repelled into A 
leaving B positively charged by induction. Suppose A and /f«be 
now taken along their respective paths, then as they pass through 
the holes in M and «V, touching the small springs .S', and .S',, they 
leave behind them Qj 9] their respective induced charges, thereby, 
as the process i^ repeated, “increasing indefinitely the charges 
already on the hollow spheres. 


- rSfJN 


1 The paths do not lie in the same plane. 
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The Repleniiher. 

This instrument was designed by Lord Kelvin in 1867 for UBe in main¬ 
taining at a fixed potential the charge on certain electrical instruments. 

A and B (Fig. 142) are two cylindrically Bhaped pieces of mftal, insulated 
from one another and eaoh fitfed with a spring (a, 6). An ebonite rod, which 
can be rotated about a vertioal axis, carries with it two curved pieoet of metal 
C x C a fastened on the ends of an ebonite arm projecting at right angles from 
the rod. Two springs Cjd,, connected by a wire, make contact with Ci ahd <7* 
during a portion of their revolution. i 



pieces of metal C lt C 2 touch the springs C\, dr, a negative charge is thus in¬ 
duced on C\ leaving C a positively charged. During the subsequent motion of 
the spindle these charges remain on C',, until the latter simultaneously 
touch the springs a and b when the charges are imparted to A and B. The 
charges on A and B therefore gradually accumulate while the spindle is 
being rotated. 

• The Wimihurst Machine. 

Two circular plates of glass, coated with shellac varnish, are mounted on 
•xles so that they revolve parallel and close to on^ another, but are geared 
to rotate in opposite directions when the handle is turned (Figyl48). 

Professor S. P! Thompson has explained the action of this machine by 
supposing the discs to be replaced by two co-axial Grinders revolving one 
within the other in opposite directions. In Fig. 144 is depicted a vertical 
section' the dark fines representing the metallic sectors. 



Wimshurst Machine 
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Thin strips of metal are fitted radially on the outer surfaces of these plates 
and in their rotation are lightly touched by fine metallic brushes fitted into 
the ends of the conductors IVS', P'Q' (Fig. 144) which are fixed diagonally at 
right angleseon opposite sides of the plates. Two mctallia oollecting oombs 
A and B embrace the plates, without touching them, at the ends of a hori¬ 
zontal diameter and are separately connected to the brass discharging knobs 
of the machine. 



Suppose a small negative charge be acquired by one of the sectors 1 on the 
under side of the inner cylinder. In its rotation it comes under the sector 
K repelling electrons to the sector S' leaving IV positively charged. Each 
outer sector in turn moves on from S' in the direction int^pated by the lowest 
arrow, and presently comes under the comb B where it is discharged by a 
positive wind from th# meshes of the comb, electrons in excess being left on 
the comb*and on the knob oonnected with it. In the meantime the strip 
IV has come under the comb A from which electrons*prooeed in a brush 

l When starting the machine, it is often necessary to hold an ebonltejvd 
rnbbwl with flannel near the rotating diac« u “excitant." ' 
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discharge, leaving the comb A and the attached knob + vely charged. This 
processes continued indefinitely as the plates rotate. 

The student is advised to study the effects of the charges on R! and S as 
they come opposito to V and S' and follow the action of the machine through 
at loast two completo revolutions. 



94. Lightning and Lightning Conductors. 

It is difficult to explain the origin of the enormous differences of potential 
which occur in Nature during thunder-storms between neighbouring clouds or 
between a charged cloud mid tho earth. The latter case may be regarded as 
that of a condenser on a large stale with the cloud as one plate, the earth as 
the other, and tho air as the dielectric between. When tho potential difference 
between them i» sufficiently high tho insulation of the air breaks down and a 
discharge of electifccity follows in the form of a flash of lightning the duration 

of which is of the order of ^ qq^-qqq Be0 - The flash m^ be more than one mile 

in length. This enormous current heats the air in its path causitog a sudden 
expansion with subsequent contraction on*cooling which produces a partial 
vacuum into which the surrounding air rushes with tremendous force. These 
Budden expansions and contractions of the air result in the noi«* ** ♦»— 
thunderclap. • 



16ft 


93-94J, Questions IX 

The electrification of clouds was investigated by Benjamin Franklin (1749) 
in his famous kite experiments, by which he proved that the properties of 
atmospheric electricity and those of the electric current were identical. 

To protedl a building from destruction bv lightning, a broad band of 
iron iB fixed to the outside of, but insulated from, the building. One end of 
the band is fixed to a metal plate buried in wet earth ; the other is carried 
to the fiighest portions of the building where it terminates in rods furnished 
withwharp points. The path of the lightning conductor from these points to 
the earth should be as direct as possible. 

The action of points is well illustrated by the lightning conductor; for 
the presence of a neighbouring charged cloud causes a stream of oppositely 
charged particles to llow from the points, thus gradually discharging the 
electrification on the cloud. If, however, the potential difference is so great 
that a spark discharge takes place, the conductor offers a straight path of low 
resistance along which the charges can flow or oscillate without damaging 
the building aiftl its surroundings. 


Questions on Chaptek IX 

* 

1. Given glass tubing, some copper wire, silk thread, pith balls, etc., 
devise a form of apparatus for investigating the arrangement of the lines of 
force in an electric field. ‘Draw diagrams showing the results that would be 
obtained using (a) equal like charges, (h) equal unlfkc charges. 

2. Describe experiments to show clearly the distinction between potential 
and charge. How would you compare the densities of the charge on two 
small areas of surface? How can there be a difference of density where there 
is no difference of potential ? O.L.S. 1920. 

• 

3. What is meant by “the surface density at a point’*? You are given 
an insulated charged hollow pear-shaped conductor in which a hole has been 
drilled at the top. How would you proceed to investigate (i) the surface 
density of the charge on (a) the ou'.sidc, (b) the inside saffaces of the con¬ 
ductor, (ii) the potential of (a) the outside, (b) the inside surfaces? What 
results would you expect^ Give your reasons. 

4. You are given a charged irwulated conductor A and an uncharged 

hollow conductor B. ftow would you proceed to obtain'on B a charge of like 
Bign twice that on A ? Would your method give accurate o^only approjimatg 
results? * 
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5. A, body is charged to a potential of V units and possesses & charge of 
Q units. Explain fully what is meant by these statements. 

In what circumstances may (a) a body possess a charge and be at zero 
potential, (b) be uncharged and yet have a potential differirifj from zero? 
L.M. 1918. 

6. A and B are two parallel conducting plates each separately con¬ 
nected to an electroscope. If A is charged and insulated whilst B is earth 
connected, draw diagrams of the lines of force between A and B, ^hen 
(a) they are some distanoe apart, (ft) they are neaf'to one another. Give the 
indication of the electroscopes i n each case. What effects follow the insertion 
of a slab of paraffin wax between the platos ? 

7. Define “ capaoity.” Describe some simple experiments to illustrate the 
aotion of a condenser. Explain how the leaf of an electroscope may be 
oaused to diverge using a Daniell’s cell ns the charging agent [§ 14]. L.M. 
1918. 

« 

, 8. Draw a sketch of a Leyden Jar, and stato why its capacity is increased 

when its outer coating is effectively connected to earth. 

9. A roll of tin-foil is held in an insulating stand. It is then unrolled and 
placed on a thin slab of paraffin wax lying on the ground. Account for the 
large differences in the amount of electricity which can be given to the foil 
in the two positions. 

10. A strongly electrified glass rod is fixed in, an insulating stand. An 

experimenter holds his hand near the rod and*drops pennies into a hollow 
can which rests on an ebonite block vertically below the rod. Account for 
the chargo acquired by the can. ^ 

11. What is meant by the "action of points” and in this connection 
explain the working of a ” lightning conductor ” ? Devise laboratory experi¬ 
ments to illustrate on a small scale the action of a lightning conductor. 

12. What is an electrophorua? Describe its action, illustrating your 
answer by diagrams showing the electrification of the separate parts during 
the various stages of the experiment. 

18. Describe and carefully explain the construction and mode of working 
of some electrical machine. 



CHAPTER X 


THE GENERATION AN1) PRACTICAL APPLICATIONS 
OK ELECTRICITY 

95. The Dynamo. The ilynamo gives as a means of trans¬ 
forming tho mechanical energy \>f a steam engine, turbine, or 
water wheel i/ito the energy of the electric current. Cables convey 
the current through small or great distances as may he required, 
but at any point in the external circuit the current may be used 
for heating and lighting or directed through suitable machines for 

power development. 

• 

Earth Inductor and Simple Dynamcr(Kigs. 115 n and b). 

Demonstration. AH is a rectangular coil 3J" x 2d" made 
t>f 25 turns No. 26 copper wire. A knitting needle is used as the 



axis of the coil tnd passes through two brass supports S t S, 
terminating in a small handle If. The coil retries between tuio 
soft iron pillars P,P t , the bases of which rest on a double pole 



172 


electromagnet operated from the lighting mains. The ends of the 
wires from the coil are securely fastened to two brass slip rings 


slip rings 




(Fig. 146 a) which are insulated from the 
knitting needle by ebonite cores. *Light brass 
or copper strips rest on these slip r(ngs and 
connect to two terminals from*which 
leads run to a micro-ammeter M. • 


alternating direct 

current current 

a b 


Fig. 146. 


Slowly but steadily rotate the coil by 
means of tlje handle from the vertical position 
through the horizontal until it has passed 


through an angle of 180”. The needle of the micro-ammeter moves 


in one direction at first slowly, then more rapidly as the plane of 
tho coil passes through the horizontal position and afterwards the 
neodle^radually comes back to zero. On continuing the rotation 
•of the coil through the second half of tin; complete cycle the needle 
moves in a similamuanncr but in the opposite direction. 


(1) Having turned on the current through the electro-magnet, (2) repeat 
this experiment—turning the handle more rapidly. Explain the efiec(p 
produced. 


We have seen in § 41 ( b ) tlint when a wire or conductor is moved 
so that it cuts lines of force fn a magnetic field, an electric current 
is induced in it, tho direction of tho current being determined by 
the extension of Ampere’s rule. 

Let Fig. 147 (a) represent the rotation of a wire or conductor through the 
magnetic field produced by two magnetio poles N, 8. Starting from position 1, 
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it is easily seen that the wire is moving along lines of force, not cutting 
them, and therefore no e.m.f. is produced. As it rotates, the strength of the 
field increases, and with it the resultant k.m.k. which is proportional to the 
rate of cutting lines of force [§ 58], until in position 3 this e.m.f. is a maxi¬ 
mum. As the wire moves into position 5, tlw k.m.f. gradually weakens to 
zero. Under the S-pole the process is repeated the current direction being, 
of course, reversed. 

Hig. 147 (h) shows the changes in the induced e.m.f. corresponding to one 
complete revolution. # 

The rotation of the coil through 300° in this exp. gives us a complete 
electrical cycle and, as will be seen on Reference to Fig. 147 (5), an alternating 
current is produced by the revolution of the coil in the field formed by the 
two magnetic poles. This current changes twice in each complete revolution 
from zero in the vertical position to a maximum in the horizontal. 

A coil rotated in the Earth's 
field alono is called an Earth 
IrAiuctor, hut a coil rotated in 
a field increased by means of an 
electro magnet is a dynamo in its 
Simplest form. Tn a dynamo, the 
rotating coil is called the armature 
which in its rotation cuts the 
magnetic field produced by the 
Field Magnets. 

The Simple Commutafbr. 

When a direct current is re¬ 
quired in the external circuit, a 
split ring commutator (Fig. 140 b) 
is substituted for the two slip 
rings. The action of the commu¬ 
tator. is readily understood on 
reference to Fig. 148 (a), for, if 
A BCD presents the coil, then 
when AB comes lender the N*-pole 
the current generated in the coil 
by the rotation flows from B to A and out of thelnacbine through 
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the brush E (+), whilst if CD is under the N-pole (Fig. 148 b) the 
current now flows from C to D and out through the brush E 
which therefore is still the positive brush. When .a commutator 
is used, the rise and fall qi the induced k.m.f. is as represented 
. in Fig. 147 (c). 

On consideration of the curves showing the K. m. f. prdluced 
by a simple dynamo, it is evident that owing to the corresponding 
fluctuation of the current, a dynamo of this description is of little 
use for either lighting or heating. If however a number of wires 
or conductors are fitted round the armature at regular intervals, 
and connected in series, the current is not only greatly increased, 
but is much more uniform, for when tho B. m. f. of one coil or 
conductor is least, the e. m.f. of another will be approaching a 
maximum. 

9 

96. The Drum Armature. ° 

u 

The Drum Armature, in direct current machines, is constructed 
on this principle and has now completely superseded all other types.. 



Fig. ^49. Small portable dynamo showing dram armatare with slots. 
A , Dram armature. B, Field Magnets. 
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In this armature, grooves (Figs, 149,150) are made parallel to the 
axis of rotation at regular in¬ 
tervals along the curved sur¬ 
face of a lafltinated cylindrical 
iron core which rotates be- 
tweenJ;Tie field magnets*. The 
conductors, which are usually 
thick strips of copper,^ro laid 
in these grooves, and are suit¬ 
ably insulated from- the core. 

The strips thTis form sets of 
coils which are connected in 
series, by methods varying Fig. 150. 

with the particular design, to the commutator which is situated on 




Fig. 161. Large direct current Generator. B, Brasher. C, Commutator. 
D, Drum armature sowing windings. F, Field Magnets. 
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one side of the drum. Fig. 147 may now be used to represent 
an armature with 8 slots, whilst Fig. 150 represents an end view 
of a drum armature with 12 slots which requires a commutator 
with six sections 

Imagine the drum (Fig. 150) to he rotated in a counter-clockwise 
direction, and apply the rule in § 41 (6) or 54; a direct current 
will bo collected by the brushes, the current entering the external 
circuit from the brush marked +. 

The segmented commutator. 

In modern industrial practice the number of conductors wound on an 
armature is very profit, necessitating a commutator of many sections 
(Fig. 151). Tho making of a commutator requires careful design and clever 
workmanship in order that it may work efficiently at very high Bpeed, e.g. 
600 revolutions per minuto. It is built up of copper segments, with mioa 
insulation, held together by clamp rings, which again are insulated from the 
oopper by mica cones. Brushes of high grade graphite carbon ore mainly 
used. In a good commutator sparking between brush and commutator should 
be hardly porceptible.' 

97. The Field Magnets and Winding of Dynamos. 

In many dynamos the current required by the field magnets is 
obtained from the dynamo itself by “tapping” or “shunting” 
current from the external circuit. On startihg the machine there 
is generally sufiicient residual magnetism in tile field magnets to 
generate a small initial current, which, in its turn, on passing 
through the magnet circuit increases the field, and thus creates a 
steadily rising k.m.f. until the maximum output is obtained. 

Two methods of winding the field coils require special 
attention. 

, SirlM winding. In this method (Fig. 153 a) the field magnets are excited 
by wrapping rouni them a few turne of stout copper wire in aerlea with the 
external oircuit, bo that all the “load‘d current passes round the field 
magnets. The introduction of resistance into the external circuit (e.g. lamps, 

1 Load is the tbrm given to the work gone by the current in the external 
circuit. The quantity of this current at a constant pressure is a measure of 
the power required to operate the lead, viz. the various motors, lamps, etc. 
of the oircuit 
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motors, etc ) will therefore be accompanied by a reduction in the cyrront in 
the field coils and a consequent lowering of the generated e.m.f. It will bo 
seen therefore that a small variation in the resistance of the external circuit 
will cause bi^ changes in the current produced by the dynamo. 

• ... 

Shunt Winding. Here the field magnets are excited by coils consist mg 
of a iarjjfe number of turns«of thin wire in parallel with the external circuit. 
(Fig. ll?2 b.) When the resistance in the external circuit is increased, this will 



Fig. 152 «. Series winding. Fig. 152 b. Shunt winding. 


cause a larger fraction of the main Current to How in the field coils [see § 70] 
thereby producing a stronger e.m.f. The current in a circuit maintained by 
a shunt wound dynamo is therefore likely to be more constant than that 
maintained by a dynamo which is “ series wqpnd." 

Compound Winding . 

To obtain a machine which will maintain a constant voltage with varying 
loads, it is found necessary to use a small series field in disjunction with the 
shunt field. This arrangement is Known as Compound Winding. 


98. Economical Distribution of Power. 

It was found in § 80 that.in a dynamo 

Power developed = current k e.m.f., 

WATTS - AMPERES X VOI.ts. 




Fig. 138. Turbo-Alternator. Tho Stator (15,000 s.w. machine). 

a 

is found to be'i'ar more economical to use high voltages with a 
comparatively low current since a much thjnner cable will carry 
the smaller current. v 

E.y. 8000 watts = 8 kilowatts - 1000 volts x 5 amperes 
= 100 volts x 50 ampbres. 

Thus in a modern machine generating 12,000 kilowatts as high an E.H.r. 
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as 6000 volts is maintained: and even with this voltage the cables have still 
to carry 2000 amperes. 

99. Turbo-Alternators. 

The generation of high voltages by a direct current machine, such as has 
been described, would produce almost impossible conditions. The enormous 



Fig. 154. Turbo-Alternator. Assembling the fytor. 


potential (pressure) differences between the working parts would cause leak¬ 
age and sparging across the brush contacts and between the commutator 
segments. In most high power machines it is now custodhry to reverse the 
conditions of coil amb magnet by keeping the coilt stationary while rotating 
the field magnets. This is effected by winding the foils round a bollqjr 
cylindrical core (the stator) (Fig. 153). A rotor (Fig. 154), al elecfrom^jnet of 

12-2 
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two or four poles, is then spun or revolved at a high speed by a steam turbine, 
whioh afso, on the same shaft, works a low voltage direct ourrent dynamo in 
order to provide the exciting current for the rotor. A high voltage alternating 
current, which is collected without the aid of a commutator or slip rings, is 
therefore produced ih the stator, and is sent along cables to distant sub-stations 
where it is “ transformed” into voltages suitable for lighting and power. 

100. Electric Motors [see also § 53, Exp. (iii)]. 

Exp. Place the simple dynamo described in § 95 between the 
poles of tho electro-magnet (the split ring commutator Fig. 146 6 
must be substituted for the slip rings in Fig. 145). Connect the 
terminals T u to the terminals of a four-volt accumulator. When 
the current is passed through the magnets and the machine, it is 
found that the armature rotates at a great speed. 

We have seen in $ 40, that a solenoid through wluch a current 
is passing behaves as a magnet possessing N- and S-polcs. The 
armature is in effect a rotating solenoid which tends to set itlelf 
in such a position that its N-pole is opposite the S-pole of the 
field magnet. Tho momentum of rotation will however carry the 
armature past this position and bring into action the commutatoT 
(Fig. 146 b) which reverses at the same moment l>oth the direction 
of tho current and the polarity of the rotating solenoid. Hence 
this rotary motion is*continued in phases of half revolutions by 
the automatic action of the commutator. 

Any suitably designed dynaiao can therefore be used as a 
motor, provided that care be taken to prevent too large a current 
from passing through the coils when the machine is started. This 
is usually effected by a device made on the principle of the sliding 
rheostat [§ 69]. 

*• 101. Tl^e Magneto. 

The gases in the oylinder of an internal combustion engine, e.g. the petrol 
motor of an automobile, are exploded by means ef an electrio spark. It is 
often inconvenient to carry on the car an accumulator for, providing the 
necessary ourrent and it is therefore found advantageous to utilize the 
energy of motion of the engine in the generation of th.s current. In the mag- 
peto are embodied (a) a dynamo for the generation of the ourrent, (6) an 
induction cbil for the transformation of this ourrent into one ol sufficiently 
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high voltage to cross the gap between the two nickel points of the ^parking 
plug which is fitted into the head of the cylinder. 

The magneto^then consists of a small dynamo, the armature of which is 
rotated by th^engine. Around this armature is wound a secondary coil con¬ 
sisting of a large number of turns of fine vfire connected to a condenser. 
A rotating contact breakeg in the primary circuit, actuated by either the 
engine 8r an electric motor, produces an intermittent current which induces 
a cuirent of high e.m.f. in the secondary of sufficient pressure to provide the 
necessary spark [see §.'58] > at the gap situated in the sparking plug. 

A separate starting mechanism is required to provide the initial spark to 
set the engine in motion, but when once it is started the generation of 
electricity is cortiuued by means of the magneto. 

102. Electric Lighting. 


Filament (Vacuum) Lamps. 

Vacuum incandescent electric lamps arc too well known to need 


a detailed description. The old carbon filament 
lamp (Fig. 155) has long ago fallen out of usfl 
owing to its low efficiency 1 , and to the steadily 
hicreasing opacity of the globe caused by the 
deposition of carbon on the glass. This type 
has been superseded Ivy the inetal filament lamp 
in which the carbon filament is replaced, its a 
rule, by a length of drawn Tungsten wire. 

The bright grey powdery ipetal, Tungsten, 
is compressed in a steel mould by hydraulic 
power until the particles adhere to one another. 
They are then solidly welded together by an 
electric current, and the resulting “billet,” kept 
at a high temperature, is passed in succession 



Fig. 155. Carbon 
filament lamp. 


through machines which hammer it vigorously on 41 sides until it 


takes the form of a long rod. The mefcul is now ductile and may 
be drawn o^t into wire of 001 inch in diameter. A length of 20 


to 40 inches of this wire is suspended in a bulb (Ffg. 156) its ends 


being connected to^he cap contacts by two platinum “leading-in” 


1 Efficiency = lumens per watt [§ 80]. 
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wires which pass through the cemented cap. The bulb is then 
pumped vacuous and sealed off at the tip. 



103. The Gas-filled lamp. 

The efficiency of the metallic filament lamp has been greatly increased in 
recent years by the introduction into the bulb of the inert gas, Nitrogen. 
The presence of this gas, at atmospheric pressure, permits that the filament 
beVnaintained at a much higher temperature than is possible in a vacuum 
and also preventsVombustion of the filament; consequently a much brighter 
light is given out. 

104. Efficiency 1 of Electric Lamps. The ‘ Oilmen.*’ 

The oaolency of a lamp is the ratio •oi the light ^iven out to the power 
expended. 

r A n$w sta^ndar^of Mlumination, the “ lumen," has recently been adopted, 
whioh makes it possible to obtain a far better measure of the total amount 
1 Efficiency=lumens per yatt [§ 80]. 
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of light emitted by a lamp than by lining the old “Candle Power 1 ” unit 
which measured the illuminating power of a lamp in one direction only. 

The “lumen “ is the amount of light falling on an area of one square foot 
held one foot^oift a ptandard candle. The total amount of light given out by a 
lamp is measured in terms of “ lumens ”jjnd by comparison with the electrical 
power(watts) consumed, A measure of the ellieiencyof the lamp ean be obtained. 

I 

Table of Efficiencies. 

• Approx, ellicieiicy Approx, tempera - 

Introduccd Type o^Filaiuent lumens per watt ture of filament 

1880 Carbon 2 *‘25 IH00"C. 

1900 Oraphitized Carbon» it *25 1H80°C. 

1905 Tantalum P5 195U°C. 

1900 Tungsten (vacuum) 71 2050° C. 

1914 ,, (gas tilled) 12-fi 2100 o C. 

105. Wiring. 

The \viring*of a building is always carried out with the lamps in “parallel,” 
b^ause by this method (l) a defect or breakage in one lamp will not affect 
the remainder of the circuit, and (2) with a constant k.m.k. supplied by thfl 
generator, the addition to the circuit of more laufps docs not affect the 
quantity of current passing through any particular lamp. Fig. 157 represents 
•a system of wiring which includes the switch. 


To Next Point 



From Cks-board 

Fig. 157. 

i See Experimental Science , Physics, Sect. V, Light, § 173. 
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106. The Electric Arc. (Davy, 1806.) 

Fig* 158 illustrates an apparatus for producing an electric arc 
for UBe in an optical lantern. The carbons are connected through 
a suitable resistance to the power mains, the thicker, carbon to 
the positive terminal. When tho carbon points are first brought 

* together, by means of a rack and screw adjustment, a large current 
flows which warms the junction ; then, whilst the current is still 
passing, the carbons are separated to the extent of about a quarter 

• of an inch. Tho discharge, which is called an electric arc, is 
characterized by intense heat and light, the main sources of light 
being the ends of the rods. 



K*« .,1 

. Kig. 15B. 


Bap. To Illustrate the Are. If the focussing lens of the optical lantern 
is removed, and the aro drawn back in the body of the lantern, it is possible, 
by means of the condenser, to project a brilliant and enlarged picture of the 
are on a lantern Boreeu. It is observed that the brighter portion is the tip of 
the positive carbon where presently a glowing orate.- of hot substance is 
formed by the impact of electrons projected at great speeds from the negative 
carbon. Bubbles of *hot gas, volatilised carbon, are noticed on the negative 
penoil. Temperatures of over 8500°C. are developed ‘at the end of the 
positive pencil and within the aro. The carbons gradually volatilise and 
bnrn sway, the positive at the greater rate; it is therefore neoessary to 
keep them at the correct distance apart by hand adjustment or by some 
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suitable meehanical device worked by the current itself. In optical lanterns, 
the positive carbon is made with a core of soft carbon to allow the crater 
to form easily, the diameter being about twice that of the negative, so that 
both may bur^a&ay at approximately the same rate. 

Parallel Carbons. • 

The efficiency of many of*the lamps is lowered by the obstruction which the 
tip of the negative carbon offers to the light emitted from the glowing positive 
crate?, so that the light is reduced in certain directions. In the “ parallel 
Arc” two long horizontal Carbon pencils are fixed near and pnrailed to one 
another with their ends pointing in tlunlireetion where the light is required. 
A suitably placed electromagnet, actuated by part of the current, produces a 
transverse magnetic field between the two carbon tips, and forces the arc 
outwards {§ fl] thereby preventing it from running up the rods. By this 
method an arc of high candle power and efficiency is obtained. 

107. Thte Pointolite Lamp. (Ediswan Company.), 

v» great advantage that the arc 

lamp possesses as a point-source of 
light of great intensity, is that it 
allows the operator, in optical work, to 
focus rapidly and obtain the sharpest 
definition. This advantage bus been 
further embodied in the Pointolite 
incandescent gas filled lamp (Fig. lf>9), 
in which an arc is formed between a 
metal ionizing filament F and a Tung¬ 
sten bead B (the positive element^ 

The Tungsten bead becomes white hot 
and emits a light of intense concen¬ 
tration. As the lamp requires no 
attention when in use, it is ideal for 
optical work and for colour matching, 
gauge testing and other experiments 
where a small and brilliant source of 
light is needed. 

• 

108. Electric Heating. 

Electric Kettle^ Irons, Toasters, Cookers end Hesters in 
general are constructed on one principle—vis. the JouU Eject,£ 81, 
Coils and wires of high resistance are heated by an electric current 
in all these contrivances. 



Fig. 159. 
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The Electric Furnace and Arc-Welding. 

In the electric arc very high temperatures are developed because the great 
energy of the electric current is converted into heat energy in a very small 
space; the heat is, as it were, concentrated: thia fact is utilize^ in the eleotrio 
furnace. * ( 

In the Moman type of furnace (Fig. 160), the,heat obtained from the arc, 
which is formed between two thiclF carbon 
elootrodes, is reflected downwards on ae cru¬ 
cible containing tl^e substance to be melted; 
or again the mixture to be fused is placed 
in a cruciblo, and a strong current passed 
between two carbon rods immersed in the 
mixture. 13y this latter process Calcium Car¬ 
bide (CaC a )and Carborundum (SiC) are made. 





Fig. 160. Electric Furnace. 


In the Electric Vacuum Furnace of the General Electric Company, 
U.S.A., the current is passed through a graphite helix surrounding the 


f 

T- 

f i.; 



Fig. 161. Welding by means of the Electrio Arc. 
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object to be heated, the whole being enclosed in a steel vacuum ohaijiber; a 
temperature of 4000° C. has been obtained by this method. 

By means of Jhe heat of the electric arc pieces of metal may bo entirely 
melted away, m cut or welded together. In the Metropolitan-Vickers Electric 
Aro Welding Process (Fig^lGlJan arc is formed between a carbon pencil and 
the metaMo be worked. In*general the carbon pencil, held by the operator 
in a specially insulated holder, forms the negative electrode, fnd the workod 
metat is connected to the positive pole of the electric supply. A current of 
300-400 amperes is pass^i across the urc. If it is required to deposit one 
metal on a larger piece of another, small chippings of the former are melted 
on to the latter by the intense heat of Hie arc. 

109. The Electric Telegraph. 

The Moree Writing Instrument. The Koraf Code. 

In Line Telegraphy, signals are usually transmitted between stations by 
the Morse Code in which the letters of the alphabet and the numerals aro 
represented by dots and dashes (or short sounds and long sounds) according * 
to the table below. 

The Mono Code. 

N - . 

U - 

T - # 

M- 

O- 

L- 

\Y.- 

!<•- 

S inner al*. 


1 - 6 - 

2 -• 7- 

3 •*- #-- • 

4 .... - 9- 

r>. o- 


a ■ - 

B- 

c- 

0 - - 
E . 

I .. 

s •. • 

H • ■ • • 

F- 

K- 

1 >- 
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Both a Morns Bender (Fig. 162 a) and a Morse Receiving Instrument 

(Fig. 1626) are usually inserted in the circuit at the various stations. The 
Sender is essentially a two way switch (Fig. 14). In its normal position the 


r» 



' . ' -I 

Fig. 162 a. A Morse Sender. 



fiig. 162 6. A Morse Writer and Sounder. 

loqal “ Receiver" i^ connected to the line; but when the stud is depressed a 
current can t>e sent to a receiver at a distant station. Fig. 162 c explains 1626. 
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In the latter a Worse Sounder is also shown which is constructed on the 
principle of a vibrating contact breaker, [g 5tf.] 

In the receiving instrument Fig. 162 c, a paper tapo is unrolled at a uniform 
rate automatically by means of a clock-work mechanism. When the key if 
pressed at the distant sepding station, a current from the line passes through 
an electromagnet E drawing down a soft iron armature .4, pivoted at /' 
thereby causing the inked style A' to touch the moving paper tape. The kej 
is depressed for long or short intervals, according to the code, causity 
the style A' to remain irecontact with the paper for corresponding periods 
It is often found more convenient to receive signals by sound using tin 
Morse Sounder. • 



Fig. 162c. LL, to line. Diagram of Morse Wi iter. 


ZJxp. To illustrate the Morse Sounder. 

Alter ^he connections of an electric bell (Fig. 163) so that the electro¬ 
magnet is placed in a circuit by itself containing* 
a battery and suitable key. Remove the bell and 
screw in a heavy brass terminal at C, so that 
whenever a current passcB round flic magnet the 
vibrator is drawn inwards hitting the screw 
w^th a sharp tap. Messages can be sent by means 
of this instrument in the Morse Code, the clashes 
and dots beijg represented by long and short 
intervals between the clicks; the signals being 
conveyed to the operator by sound he can give his 
attention to writing down the message. 

It is evident that |be strength of the current 
through a circuit of cousiderable length, extend- ^63 Electric Beil 
ing say from London to Plymouth, would be adapted to illustrate 

insufficient to work?a Morse sounder or similar Morse Sounder, 

instrument. A device known as a Belay is there¬ 
fore used by which a feeble current brings a stronger one into action. 
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Bzp. To illuatrato tho Foot Office Belay. 

Connect the brass screw at the end of the vibrator of the electrio bell 
(Fig. 164) to the terminal A, w^hich is joined to 
one pole of a four volt accumulator li, the circuit 
being completed from the other pole of the accu¬ 
mulator through a n^odel motor, M, fowinstance, 
to the terminal C. On pressing the key K, the 
vibrator being drawn towards the electromagnet 
makes contact at C an^thus permits the stronger 
current from tho accumulator to work the motor. 

In recent years by the use of a valve 
amplifier[§129]the relay has been modified 
for sending messages over very great dis- 

Fig. 164. Electric Bell, ^ anc( ‘ ' 
adapted to illustrate P.O. HO. The Duplex System is a method 
Relay. H, Accumulator, , ... . . . . 

C, Leclanclx* Battery. wh,cl1 me88a K CH mu )' 1)0 8ent 1,1 two directions 
* on one wire. Fig. 165 explains this system. 
When the key at the transmitting station A is pressed, the battery at this 
station sends a current along the line wires, which are carefully suspeude^ 
on telegraph poles or sunk underground as insulated cables, to the receiving 
station at B whore it actuates a suitable instrument and returns through 




Fig. 165. 

the earth by means of plates sunk into the ground. On feoeiving the message, 
the operator at B can reply; for by pressing his key a current traverses the 
ciriJuit in the*opposite ‘direction and works the instrument at A. 




M 09-112] Systems of Telegraphy % 191 


The Duplex System of sending single messages on one wire in opposite 
directions is extended to include the transmission 
of two messages through the same wire , one from each 
end, at the same time. The two methods employed are 
named (a) t2e Differential and ( h) the Bridge 
method. # The principle 6f the simpler Differential 
Bystene» may be explain^ briefly by the use of 
Fig.,166, where the simplest form of receiving instru¬ 
ment, a galvanometer (0), is shown. The instruments 
are identical at the two stations and both transmitted 
and received currents pass through jach galvano¬ 
meter; the transmitted current, however, from the 
sender’s point of view does not affect the sender’s 
galvanometer, but only the instrument at the far end 
of the line. This is effected by the following deviqp. 



Each galvanometer is furnished with a Differential coil 
consisting of two parts wound in opposite directions, 
in $ne of which an adjustable resistance is placed so 
that the sender’s current, producing equal but oppo¬ 
site forces at the centre of the coil, docs not affect 
his galvanometer needle. The received current, how¬ 
ever (indicated by dotted arrows in Fig. 166), passes 
in one direction only round the coil and therefore 
affects the needle. 


Fig. 166. It, Battery, 
A r ,Key, Jf,A(Jjustable 
Resistance. Full ar¬ 
rows show direction 
• of transmitted cur¬ 
rent, dotted arrows 
that of received cur¬ 
rent. II’, Line wire to 
similar instrument 
nt other end. 


111. 'The Bordeg.ux SjrsteA (G.B.O.). 

By the use of a very ingenious instrument it is possible to send five or six 
messages in the same direction on the one wire. An electrically maintained 
rotating and commutating device pffts an operator into electrical communi¬ 
cation with his corresponding instrument at the other end of the wire for a 
fraction of a seooud, during which he has time just to transmit one signal. 
The other sending instruments are similarly connected in turn, so that sup¬ 
posing six opei^tors are using the one wire, cacli can send a signal from his 
instrument every sixth interval. These intervals arc short and recur rapidly 
but regularly so that the operator can quickly accustom himself to the rate 1 of 
working and synchronize liis tapping of the transmitting instrument with 
the period during which the wire is under his sole control and is in touch 
with the corr^ponding receiver at the far station. 

112. The Microphone and Telephone! 

In the telephonic transmission of speech by electricity, use is 
made of the fact that loose carbon contacts oflfcr -great, variatuHut 
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oj resistance to the passage of a current. As the particles of carbon 
forming part of a circuit are compressed or loosened by the vibra¬ 
tions caused by the voice, so the current in the circuit increases 
and diminishes. , " 


Exp. To show change of resistance with a varying contact. 

If the tw 6 poles of an elec trie limp pen¬ 
dant, P, are connected in series by^wirea 
which carry the current ( 1 ) through a 
carbon filament lamp and ( 2 ) across the 
junction of an arc lamp (Fig. 107) only 
a dull red glow is observed in the former 
when the carbon pencils of the latter are 
in slight contact; but if the carbon pen¬ 
cils are brought more tightly together, 
the resistance is greatly reduced so that 
l^ig. 107. P, Pendant. the incandescent lamp glows brightly. 

113. The Microphone Transmitter. • 



The vibration?* produced in the air by 
the human voice cause n carbon dia¬ 
phragm C in tho transmitter (Fig. 168) 
to vibrate, thereby causing variations of 
pressure on carbon granules which fill the 
space between C arnbd. When the tele¬ 
phone is used as transmitter, a current 
from a local battery of cells is maintained 
across this space CA, and variations in 




Fig- 168. - Fig. 169. 


this current ca\}pe corresponding variations, through a transformer, 
at the receiving station. The large variations in the resistance 
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which the granules offer cause corresponding fluctuations, in the 
current flowing into the line. 

114. Th% Bell Telephonic Receiver was invented by 
Graham Bell in 1877 and is called the* Telephone. The current 
from the line passes though MM (Fig. 109) and magnetizing the 
core draws inwards a sheet iron diaphragm D. The vibrations in 
the diaphragm of the rnierophonie transmitter cause rapid varia¬ 
tions in the lino curPent, and this changing cftrrent affects the 
strength of the magnetization in* the receiver, throwing the dia¬ 
phragm D into a vibration in sympathy with the vibrations of the 
diaphragm of the transmitter. The vibrations of the human voice 
are therefore accurately reproduced in the Deceiver. 

Fig. 170 represents the connections in a simple telephone circuit in 
which the calling up bell is rung from the one station only (on life left of 
th#diagram). When the receiver on the right is on its hook, connection is* 
made with the bell circuit only and the operator at file other end may he 



Fig. 170. 

rang np by preeaingtte button B. On taking the receiver from it. book, 
a spring puts the telephone in circuit and releases the,bell contact ; con^r- 
sation may then proceed. 


b. E. 


13 
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Zlzp. To illuatratc tho microphone and telephone. 

A battery and a telephone are placed in aeries with a microphone, whioh 
t in a simple form consists of a long carbon 

^-iJuuiA- pencil resting loosely between two con- 
[ *\ ducting supports (Fig. 171). Place a 

watch on the stand: the vibration of its 
mechanism 'causes great variations in 
tho resistance of the carbon contacts, 
and produces corresponding changes in 
the amount of current passing round the 
P-Vy i/ °i rcuit 5 consequently equally varying 

currents through the telephone. Thus 
(of (oj the sound made by the working parts of 

the watch is greatly magnified in the 
big. 171. , telephone. 


Bxp. To show that the Bell-reoelver may also be used mi transmitter. 

The Bell telephone receiver was first invented for use as a transmitter; 


the principle of its working may be illustrated? as 
follows: 



Fig. 172. K, key, S, in¬ 
sulated stand. 


E is a strong electromagnet (Fig. 172) fired in a 
vertical position. C is a horizontally placed cqjl 
consisting of a large number of turns of copper wire 
whose ends are connected to a micro-ammeter 
If, whep a steady current is passed through the 
‘coil, a largo sheet of iron / is moved quickly up 
and down above tho pole of the electro-magnet, 
currents arc induced in the ooil C by the motion of 
the iron in th\J magnetic field and are recorded by 
the micro-ammeter M. 

In the Bell telephonic transmitter the vibrations 
of tke sheet iron diaphragm D (Fig. 169) caused 


rapid variations in the magnetio flux passing through the cyiis surrounding 
the electro-magnet MM t thereby producing by Induction a correspondingly 
varying current in the line. This transmitter has, however, been superseded 
by the microphonic transmitter. 
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Questions on Chapter X 

1. A fiat Arcular coil of copper wire iu rotated in the Earth's field. 
Explain the production <tf an alternating current by this method, stating 
when this induced current is (a) a maximum, (ft) a minimum. What 
consecrations affect tho value of the k.m.k. generated by the rotation of 
the coil? 

2. Carefully explain fho working of a simple direct current dynamo, 
clearly indicating the functions of (a) the Armature, (ft) the Field Magnets, 
(e) the Commutttfor. Illustrate by carefully drawn diagrams, 

3. Describe some form of dynamo armature designed so as to produce a 

steady k.m.k. • 

4. What factors limit the use of a direct current machine in generating 
power for industrial purposes ? Give a very short description of th6 turbo- 
alternator. 

5. Write descriptive notes on (a) the carbon filament lamp, (ft) the gas 
filled Tungsten filament lamp, (c) tho Pointolite lamp. Why are electric 
l%pps usually arranged in parallel ? 

6. Describe the various ways in which an electric arc may be used as a 
source o< (a) light, (6) heat, with special reference to (a) optical projection, 
(b) electric Welding. 

7.,Give a description of Rome simple method of communicating 
eleotrioally between two (a) near, (ft) distant stations. 

8. Carefully explain the use of the microphone aud telephone in the 
transmission of speech by electricity along wires. 


13—2 



CHAPTER XI 


THE CONSTITUTION Of MATTER--ELECTRON^-X-RAYS- 

RAI) 10-ACTIVITY- WIRELESS TELEGRAPHY AND TELE¬ 
PHONY. 

115. Discharge of Electricity through rarefied 
gases. 

The largo currents used in electrical industry impress us: their 
use in developing power by their passage through coils, motors 
and other appliances. Nevertheless, it is not by experimenting 
with largo, but rather with relatively small currents, that the 
recent advance in electrical science has been achieved. The study 
of the electric spark, and of the nature of discharge through 
rarefied gas, has Jed to the discovery of the electron and has 
carried us a stage farther in understanding tho constitution of 
matter. 

Tho electric spark produced by an induction coil [see § 58] 
appears as a pulsating luminous streak, a lightning flash in 
miniature, and is accompanyid by a loud crackling noi^e. ' But if 
the discharge takes place within a closed glass tube in which the 
pressure of the contained air is gradually reduced, its character 
undergoes several important changes. 

Demonstration. Connect a closed glass tube, about 3 feet 

long, having two aluminium electrodes inserted through its ends 

* 



, Fig JL73. .r. Induction coil. P t Gaede air-pump. B, Battery. 
T ,Tube from which air is pumped. A, Anode. K, Kathode. 
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(Fig. 173), to a Garde' rotary air-pump, operated liy an electric 
motor. The electrodes are connected “in parallel" to the secondary 
terminals ot^if powerful induction coil, across wlitch a spark din- 
charge is passed. 

Athirst, the pressure in the tube is still atmospheric and no 
spaiking occurs in the tube. Hut as the pressure of the contained 
air falls, the resistance drops until a long, brilliant purple discharge 
appears between tlie*elcctrodes. further reduction of pressure 
causes the, luminosity to diminish, until a dark space (Faraday 
Dark Space) appears next to the Kathode (Fig. 174), and in the 
column are observed alternations of light and dark spaces called 
striations. The Kathode itself appears luminous, and from its 
surface violet rays appear to shoot off. The walls of the tubo glow 
with a greenish light. 



Fig. 174. A , Anode. A', Kathode. 7'', Faraday Dark Space. .S', .V, Striations. 


If a strong magncl ^brought near the tube (Fig. 175), so that a 
horizontal transverse magnetic field flows across it, the discharge 
is deflected upward or downward, cf. § 41. 



Fig. 175. 


The various phenomena connected with these eifperimenta were 
first thoroughly investigated by Sir Wm Crookes and later by a 


Eioellent results are obtainable with this make ot pump. 
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group of British scientists led by Sir J. J. Thomson, whose con¬ 
cisions are of far reaching importance and are enumerated below: 
• c 

(i) The discharge consists of a stream of ultra-atoijjic corpuscles 

( electrons ) projected in straight linos from tjie Kathode with high 
velocity. r 

(ii) These electrons are negatively charged. 

(iii) The masji and charge of an electron are constant and 
independent of the nature of the electrodes and of the gas inside 
the tube. 

The term ‘.‘Kathode Rays” was given to this stream of electrons. 
These conclusions may be illustrated by the following experiments: 

(i) A stream of Kathodo Rays is passed through a vacuum 
tube in which is inserted a metallic obstacle (e.g. Maltese Cross), 

* A sharp shadow is thrown upon the walls of the tube (Fig. 1>6). 
e 



Fig. 170. Fig. 177. 


(ii) Again in a vacuous tube a light paddle wheel of mica is 
placed, so that the rays fall on the upper portion rfvhe wheel: it 
rotates as if struck by a propelling stream of particles. A power¬ 
ful magnet will deflect the rays downwards so that the wheel 
rotates back towards its original position (Fig. 177). 

lie. The charge on an electron and lte'maet. 

The ratio of the charge on an electron (s) and jts mass (m) 
V’as obtained by .Sir J. J. Thomson by observing the defleotion 
produced on a stream of electrons by uniform magnetic and electric 
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fields. He also found the ratio ejm by measuring the rate,of full 
of a cloud of particles of moisture condensed on electrons, 'file 
relation of the charge to the mass was in each case the sumo. 

From tffesc and many other confirming experiments it was 
found tfaat 

( a ) The electron is a constituent of ail mutter. 

(b) The mass of an electron is j s the muss of an atom of 
hydrogen. 

(c) Tho charge on an electroh is equal to the charge on an 
atom of hydrogen in electrolysis, viz. 4 "77 ■ 10 electrostatic 
c.G.s. units. 

Positive Rays. 

Positively charged particles have also l>een discovered, in the 
discharge tube proceeding in a direction opposite to the Kathode,, 
stream. But their mas# has always been formal to be. of atomic 
dimensions. It is therefore likely that these positively charged 
particles are the nuclei of atoms from which electrons have become 
separated. Consequently, it is assumed that practically the whole 
mass mi the atom is carried by the nucleus, which has a charge of 
positive dlectricity just sufficient txSneutriJize the charge on its 
fow extremoly light satellites, the electrons. 

117. X-Rays. (Rbntgee Rays.) 

The waves which constitute X-Rays are produced by the im¬ 
pact of a stream of electrons on a solid object. 

An X-Ray tube (Fig. 178) consislifof an almost vacuous glass 
, bulb in wlfieh a stream of Kathode Rays, proceeding from a 
concave negative electrode, is concentrated on one spot of a platinym 
platform T (anti-Katlwde). 

Demonstration. 

Paint tlfe outside of an X-Ray bulb with lamp black in order 
to get rid of the ghosphoresdfeuce caused by the Kathode Rays. 
Darken the room and on passing a discharfje from a powerful 
induction coil through the tube, nothing is dbserfed by* the 
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eye. If, however, a screen coated with barium platino-cyanide is 
placed near the bulb, this chemical substance glows with a bluish 
phosphorescence Thus the X-Rays, themselves invisible , may be 
detected by their effect on certain chemical substances. 



If the hand is plaet'd on the side of the screen nearest the 
bulb, the X-llays, penetrating the flesh but* not the borte, cast a 
shadow of the carpal and metacarpal bonks which is clearly seen. 

Exp. (i). Repeat, substituting for th^screen a photographic plate wrapped 
in black paper. Develop after exposure for 30 seconds (Bay). 

■xp. (ii). Deflect tbo stream of electrons from tho anti-kathode by means 
of a powerful electro-magnet: the X-Iiay effect disappears. 

Properties of X-Ray*. 

, X-Raya have the following properties: 

(«) Invisible to the human eye, they consist of waves or pulses 
_ whose wave-length is shorter than that of light. These pulses are 
produced by tho impact of electrona * 

(i) Tho rays have great penetrating power, passing through 
many substances ogaque to ordinary light, wood, flesh, cloth, 
but nr* stopped by optically denser substances, t.g. bone and metal. 
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(c) They may be detected by their effect on certain chemical 

substances, e.g. silver salts (photographic plates), barium platino- 
cyanide, etc. • • 

(d) They render the gas through which they pass a conductor 
of electricity by liberating electrons from the atoms (ionization). 

a 18. Radio-activity. 

It has been suggested in $ 10 that the atomic system may bo 
not unlike a planetary system in which the electrons move around 
the central positive nucleus. Tn certain substances of high atomic 
weight such as uranium (a.w. *238) and radiun^A.w. 226), the 
atomic system is supposed to be unstable and frequent miniature 
internal explosions occur, electrons and portions of the nucleus 
being thrown out of the atom with great velocity. Three types of 
r^liation are emitted from radio-active substances, viz.: 

a rays : Positively charged particles (heliuifi) whose velocity of 
projection is v \, velocity of light. 

• ft rays : Electrons travelling with an average speed of half the 
velocity of light. 

y ray#: Identical with X-Rays and caused by the sudden pro¬ 
jection and big initial acceleration of tin; electrons in the ft rays. 

119. The Transmutation of Elements. 

» 

It will readily be seen from the new theory of the atom [§10] 
tlj^t after the expulsion of the a and ft particles, the atomic system 
must necessarily be regrouped, and a new atom formed possessing 
properties different from those originally observed, i.e. a new element 
is produced. This has l>een proved l»y Rutherfords work on the 
transmutation of elements, bj which he has sho^u that Uranium 
is the parent of a long chain of elements in which are included 
Radium, Pplonium, # and Lead. 4 
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WIRELESS TELEGRAPHY. 

« 

Just this—the tiniest flash of energy 
Started beyond the furthest reach ef space 
Makes ripples that will spread uatil the rings 
Circling in the black pool of time will touch 
All other forms of energy and light. 

, From The Ohm's Book , KdOas Lms Masters, 

130. Demonstration. An electrically drivep tuning fork 
(Fig. 179) has ijEent metal tongue or “dipper" (/'), attached to one 
of it* prongs, which dips into a trough of water or mercury. 
Turn on the current and the fork is sot into rapid vibration, pro¬ 
ducing J>y the up and down motion of the dipper, ever increasing 
.wave rings in the liquid. Specks of lycopodium floating quietly an 





Fig. 179. 71, Battery, f. Large Tujing fork. C, Contact breaker. 
Water. i\ Vibrating point. .If, Klectro-magnet. 


the surface some distance away from the centre of the distuA- 
ance are agitated by the wavo motion, moving not laterally but 
vertically, whilst the wave passes on in an ever widening circle. 

.These waves have a definite velocity (vel. of wave motion = V) 
and a definite wive-length (X), whilst a definite number (n) pass 
.a lycopodium speck in a given interval of tiqge. It follows that 
K = nX. 

This experiment, which may be “projected” on a screen very 
successfully by means of an optical lantern, illustrates the chief 
facts .oh wave mtAioh. In this chapter we shall deal with electric 
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waves produced in the ether of spar e [$i] l>y n vibrating,,or as it 
is termed, an oscillatory electric current. 


• ' 

121. Besonance or Tuning. 

Exp. (i) A and /?•are two simple pendulums 
suspended from a horizontal flexible lath dumped 
to §n upright stand (Fig. 180). It is found, when the 
strings are unequal in length, that if one pendulum 
is set into vibration thefother still remains at rest: # 
if, however, the lengths of the strings are made 
exactly equal, the motion of the moving pendulum 
is communicated to itn neighbour and both vibrate 
together. 

Exp. (ii) Obtain two tuning forks of equal pitch, 
mounted on Resonance boxes. Strike one fork and 
hold it a short distance from the other. Next silence 
tile vibrating fork with the lingers: the note of the 
seoond fork is then distinctly heard. * 



This phenomenon known hh Resonance L “““ r 
• or Tuning illustrates a fact of great im¬ 
portance in the study of Wireless Telegraphy: that any wave 
motion is communicated to, or detected by a suitable instrument 
having Ihe same fr(*queney as the vibrating instrument producing 
the motion; i.e. when tfte producer and receiver give out or respond 
to waves of the same wave-lengths. 


122. Condenser Discharge—Oscillatory Circuit. 

** In Fig. 181 a is illustrated a metjiod of obtaining a brilliant 
spark dissljarge using a Leyden jar as condenser. One of the 
terminals of an induction coil is connected to the knob of a 
Leyden jar. The second terminal is joined loathe outer coiting 
of the jar by a wire which A continued by a piece of stout copper 
wire attached to * second knob thus forming the spark-gap Sk 
On passing a current through the coil a suQcession of sparks 
cross the gap S'* 

It was shown by Kelvin in 1853, that when a condenser is 
discharged in this manner, the electricity doA not? singly rush 
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• 

across the spark-gap in one direction, hut surges backwards and 
forwards, charging and discharging the condenser in successive 
cycles until it.se energy is frittered away and damped by the 
resistance of the circuit. , * 



Fig. 18k /, Induction coil. Leyden Jar Condenser. .S’, Spark-dap. 

’, C, Condenser, i’, Connection to influence machine or coil. 

t 

An electrical circuit, such as this, containing a condenser 
(Fig. 181c) is known as an oscillatory circuit, owing to the fact that 
an oscillating current of high frequency traverses the circuit 
C, A, S", II, whenever a spark crosses the gap S"'. This rapidly 
alternating current constitutes an electrically vibrating source, 
and, as Clerk Maxwell predicted in 1863, r produces waves in the 
ether which travel out with the velocity of light. 

133. Electrical Resonance or Tuning. 

These electric waves raajr he detected in a very siinplo manner 
by means of an experiment devised by Sir Oliver Lodge ^fig. 1816). 
A similar circuit consisting of a Leyden jar, spark-gap S", and 
parallel wires s, i/, connected by a sliding contact t, is placed a 
short distance away from the transmitting apparatus (Fig. 181 a). 
-Whenever the key is pressed in the primary circuit, a spark will 
pass across the gjp S" at the same time as it passes ‘across S', 
provided that S" is not more than * T V' in width and that the 
second circuit is placed m tune with the first by adjusting the 
position bf the sliding contact (t). 
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• 

124. The work of Marconi. 

In his first experiments Marconi substituted “ aerials ’’ or 
“antennae” Big. 184 for the condenser C 
(Fig. 181 c).* To one knob of the spark-gup * 

was fastened a long \vh-e(aerial)suspended 
in tlufair between twj insulated masts. 

THhother knob was “earthed ” by connect¬ 
ing it to a metal pjato A' sunk in the 
ground. Similar wires connected the ter¬ 
minals of thcjletector used in the receiving 
apparatus. This system may be regarded 
as a condenser, the aerial and the earth TRANSMITTER 
constituting the plates with the air as 
thedielectrfc between them. On charging 
and discharging the aerial by means of 
the coil, the electricity surges backwards 
and forwards aeross the spark-gap and 
.by its oscillation produces waves in the 
ether which travel out with the velocity 
of light. 

For tjpes of serials, see Fig, 1st. • 

. Coupled Oscillatory Circuits. 

The “ open ” oscillatory circuit has ^J^a^d'AerTlt' 
many disadvantages, the chief being, 

(«) leakage of energy in brush discharges due to the high voltage 
required to produce the requisite po^er, and (6) breakdown of in¬ 
sulation of,the aerial in wet weather. It was therefore advanta¬ 
geous to return to the closed oscillatory circuit Fig. 183 and operate 
by induction on the aerial. This is known as a,fOupled circifit. 

125. The Transmitter. 

Fig. 183 explains itself. A coil of wire L containing a large 
number of turns is introduced into the closed "oscillatory circuit 
of § 122, so as Jo act by mutual induction on a coil N which 
connects the aerial and the earth plate. By*altering.theicqjhcity 
of the condenser C and the number of turnskin the coil L we can 
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• 

bring this circuit “in tune” with the aerial, so that, when a series 
of sparks passes across S, and produces an oscillating current in the 
circuit CLS, 9 similar current is induced in thoaaerial whic£ in 
its turn sends out a train of electric v^aves. The connections of 
the corresponding receiving circuit are based on the samo prin¬ 
ciple, the wave-length M the receiving circuit being “ tuned ” to 
that, of the sending station. 


196. The Orbital Detector. 


One of the simplest 
andmostefficient methods 
for the detection and re¬ 
ception of electric waves 
is in the uSo of certain 
crystals such os carborun¬ 
dum, zincite-chalcopyrite 
(“ Perikon ”), zincite-tel¬ 
lurium. It is found that 
if a suitable crystal is 
held between two metal 
support? (Fig. 185) it 
conducts electricity mush 
better in one direction 



than the other. Consequent!if the crystal is placed in a closed 
oscillatory circuit, the current in one direction will ho damped 
dMrn whilst the current in the other direction will pass through 
unimpeded. Thus the crystal acts as a rectifier converting the 
alternating turrent into a current flowing in one direction. 

In order to convert the electric waves into sound waves.for 
the purposes of receiving, a high resistance telephone is also intro¬ 
duced into the crystal circuit. When a train of waves reaches^, 


the receiver it is transformed by the crystal into a “ one way " 
current whose efljjct is to etert a pull on the diaphragm of the 
telephone producing a sharp click. If the key at the transmitting 
station is depressed for a short time we get a series ef spsskS of 
definite frequency. Each spark produces its pwn group of waves 
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which in its turn causes a click in the telephone. A succession 
of clicks is therefore heard as a buzzing note for as long a time 
as the key in the sending station is pressed. By depressing the 
key for long or short intervals, communication in* the Morse 
Code is made possible. 


127. The Receiving Station. 

As in transmission, so in reception it was found that the best 
results were obtained when the 
• aerial was used to operate by in¬ 
duction on the receiving circuit. 
A plan of a receiving circuit is 
shown in Fig. 186, in which a 
crystal K is used as.the detector. 
In practice, the crystal works 
far more efficiently if a steady 
potential difference is maintained 
between its ends. This is applied 
by means of a battery and poten¬ 
tiometer (not shown in figure). 
t It is important that the,receiving 

Fig. HUS. llecciving Station with ,,j ruu it .and the aerial circuit 
crystal Jetoctor. 

should be both in tune with one 
another and with the transmitting* tation. This is accomplished by 
varying the capacity of the condenser ami the number of turns in 
the coils. « 




Fig. 187. Fleming Valve. 


128. The Thermionic Valve 
and its use in connexion with' 
Wireless Telegraphy and Tele* 
phony. > 

A notable advance in the science of 
Wireless Telegraphy was made in 1904 
by a discoVery of Fuming and his in¬ 
vention of the Thermionic Valve. The 
valve consists of a vacuum glow lamp 

containing a Tungsten filament F (Fig. 

* * 
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187) an<? a metal plate P. The filament P is heated to incan¬ 
descence by means of an auxiliary battery Ji t . A filamenl in this 
condition emjts (- ve) electrons, 
bat ordinarily these electrons re¬ 
main in tho neighbourhood of the 
filameat. If however sentential 
difference is applied lietwecn the 
plate and the filament hy the 
battery ]!,, so that tffe plate has 
a positive potential with respect * 
to the filament, a stream of 
electrons is drawn across the 
intervening space and may be 
recorded by*he galvanometer (!. 

On the other hand, if the plate P 
is of negative potential with re¬ 
spect to thefilament, the electrons 
are repel hi Umi nocurrcntpasses. 

^f the plate P is connected either 
direotjjy, or, by induction, to an 


Q 


HHhrH'r 


' jl 11 

Phones 


nfm 

Pig. 18H. Receiving Station with 
Fleming Valve. 

aerial (Big. 188), tho potential of J‘ will alternately be positive 
or negative, and therefore, during one half of each complete 
oscillation a current will pass l>etween F and /’. This instrument 
can therefore be likened to a vBve, for a current can pass through 
it in one direction only. If n telephone (Fig. 188) is included in the 
cisauit, itwill emit a musical note whenever signals, caused by waves 
in the ether of suitable wave-length, reach the receiving station. 

•* 

139. The Triode Valve or Amplifier. > 

The efficiency of the Fleming Valve was greatly improved, in 
1913, by De Forest who inserted a grid 0, consisting of a wire^ 
mesh or spiral, between the filament F and the plate A. A steady 
is applied across the space between the plate A and the 
filament F by a battery of dry cells (about 50 volts) 1 so that A is 
1 The K.M.F. required varies with the particular hfnnsof valve in mg'* 

8 . 1 . 
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^ charged to a positive potential with respect to the filament. If the 
filament is hoated to incandescence, this positive charge draws a 
steady stream of electrons/rom the hot 
filament into the plate telephone'circuit. 
(Fig. 189.) 

Suppose howoi er that the gfid G is 
subjected to a varying potential. When¬ 
ever G has a negative charge the electrons 
are driven back, and no electrons reach the 
plate through the meshes of the grid. On 
the other hand if G has a positive potential, 
the electron How is assisted by the presence 
of the grid, and a lnrge current will pass 
across to A and enter the telephone circuit. 
Very small changes of potential on the 
grid cause great current differences in tSe 
telephones, these currents being derived 
from the battery which heats the filament 
In practice the grid is connected to the 
aerials (Fig. 190), and any signals which reach the valve ^create 
small, rapid variations of potential in the grid, which) in their 



Fig, 189. Triodo Valve, 
French Pattern. 



Fin, 190. Receiver tor Wireless Telegraphy or Telephony with Triode 1 
i >■ « t T, connection to phones or amplifier. 
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turn, proclucfrgreatly amplified direct currents in the plate filament 
circuit, in which the telephone is placed. 

130. Tuning Coil. 

In Fijf. 191 is depicted a tuning apparatus which ha* been found 
extremely useful fflr reception in both Wireless Telegraphy and 
Telephony. The coil A,, diameter 3 - 2",contains 135 turns of copper 
tflre, No. 28 single layer. The reaction coil /., contains 52 turns 
of No. 28 wire wound on a cylinder 2'75" diameter which movA 
inside the coil Tuning is effected («) by introducing noJ 

turns (“tappings”) into the coil A, by switching over the dial 
contact P ; (6) by moving the coil A, to and frjy|(ithin the outer 
coil by means of the rod R. • <•*' 



The Receiving Station (Fig. 190). 

Thirteen or fourteen fou£voit flash lamp batteries provide thtf 
ft. m. F. across the filament-plate gap, a four-volt accumulator being 
used to heat the filament. C, and are variablo condensers of 
maxiraui%^apacities 000 and 001 microfarad respectively : R is 
a small blocking condenser across the phones, S a “grid leak” of 2 
megohms resistance. A Cossar valve may be ujjjd. The appifratus 
is capable of receiving waves from 200-1800 metres (A). 

131., Wireltss Telephony. 

The waves produced by the passage of a Ipark across a gap 
are “damped’* waves, i.e. waves whose amplitude steadily 
diminishes and whose energy quickly dies a Wag. Tliyse are 

14—2 





Yselesa for the transmission of speech, and for thw purpose un¬ 
damped or continuous waves are employed. One of the greatest 
advantages of the triode valve is that under certain conditions 
it can be made to emit continuous waves, i.e. waves of constant 
. amplitude. c 

Fig. 192 represents a simple and efficientPtransmitting setrfor a 
wireless telephone. On careful examination of the connectionsat 
%ill be seen that it consists of two rimed oscillatory circuits, via. the 
Ylate circuit F (containing the aerial, earth and conden¬ 

ser C*,)and the grid circuit A, 0.^(1 ,‘F (containing the grid condenser 



Ci). Lot us suppose that an electric oscillation reaches the aerrai: 
this will create an alternating potential in the grid and hence an 
oscillatory current in the grid circuit. The variations in the 
potential of the grid will correspondingly affect the strength of 
current that is driven across tho space FP and therefore will 
produce an oscillatory current in the plate circuit. If tho grid and 
{date circuits are* properly tuned, thqse alternating currents, by 
reacting on and reinforcing one another, will maintain their flow 
and flY 1 * 3 » fontinuohs oscillating current to be developed, which 
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on passing through the coil L gives rise to a train of continuous 
waves projected into space from the aerial. 

When tlie valve is oscillating continuous waves of constant 
amplitude are sent out from the aertal. But if a microphone is 
inserted in the system at A( the resistance of the aerial circuit 
faltered by speaking into the microphone [see§ 114], and the 
strength of the alternating current in the aerials is altered 
correspondingly, a# the diaphragm vibrates under the influence^ 
of the sound waves. The amplitude of the waves emitted is 
therefore a.Tected, and these waves, in turn, on reaching the 
receiving aerials cause corresponding change.«^i^ffe potential of 
the grid which affect the thermionic current. These changes in 
the current across the vacuous space in the valve, by being 
passed through a series of valve amplifiers are magnified further, 
to such an extent, that the human voice can be reproduced witn 
great accuracy in the telephones. 

Questions on Chapter XI 

1. Contrast the appearance and character of an electric spark in air 
(a) af atmospheric pressure, (6) at very Jow pressures in a discharge tube. 

2. What iB an electron ? Describe the experiments which led to its 
disoovery and to the indication of its properties. 

3. What do these experiments teach us of the nature of the atom and 

the constitution of matter ? ** 

4. Describe the production and properties of X-Rays and show how they 
diHer from Kathode RayB. How would you prepare a radiograph of a foreign 
body in the forearm ? 

5. Wbatao you understand by Radio-activity ? Wliat are the chief 

radio-active substances and what evidence is there for the assumption* that 
they are constantly changing their nature? •* 

6. What are the characteristics of a condenser discharge and how is su^J 
a discharge enade use of in the production of electric waves? 

7. Give a short account of either (a) a crystal detector, ( b) a thermionic 
valve for use in the feeeption of wireless signals. 

8. For wbat purpose are the following reqniretf ir^a Tnyjsmfct^t set: 

(a) aerials, (b) spark-gap, (e) condenser, (d) induction eoii ? 



APPENDIX I 


Lamp Resistance Board. 

A suitable resistance board, giving resistances varying from 
80-3000 ohms and suitable for use with the lamp mains, is shown 
in Fig. 193 apparatus may Ire put together in the school 

workshop. Two main wires with terminals at A and /' respect- 



Fjga. 19S a and 6. 


vely pass round the underside, of a'board, shswn in the plan, 
md we jpib^dded^in .grooves filled with paraffin wax. Six lamp- 
lolders are fixed at L X ...L, so that when a lamp is inserted the 
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two wires artUTidged by the lamp filament at these points. The 
wires are interrupted at the five intervals between the lamps^wff 
each may be •made continuous by the insertion t>f plugs at the 
numliered junctions. 

Deftionatration pn method of using, (a) Lamps In • 
parallel (resistance decreased). 

Terminals A and only are used and joined to the main supply* 
with an ammeter (reading to 3 amps.) in the circuit. Insert all • 
the plugs : no current will (low fintil the two wires arc joined by 
inserting lamps in the lamp-holders. 

The circuit was Of 220 volts and the lafflps used were Kdiswan 
Carbon filament 32 c.p. of approx. 490 ohms resistance. One, 
two...to six lamps were inserted in parallel and the corresponding 
ammeter readings taken. 


Lamps 

inserted 

Amperes 

p. i». Volts be¬ 
tween A and li 

* : =n 

ohms 

1 

0-45 

220 Volts 

488 

2 . 

0 00 

• , 

245 

3 

4 

, »-85 
1-82 


163 

122 

5 

2-HO 


95 

6 

2*7/5 • 


80 


Draw the curve 


Lamps in Parallel 
Resistance " 


(b) Lamps in series (resistance increased). A is always 
joined to one of the main terminals. Cautioq^ the other main 
terminal must never be joined to C or B without firet removing a 
plug (usuqjly No. 1) from the outer wire: this prevents ehort-clP 
cuiting. Insert all the lamps and plugs except No. 1. Join 
B to the ammeter, then switch on the main current, which now 
passes through L t . Next remove plug No« 3 and join C tp the 
ammeter. The current now passes through l* and *£, \n*teriet. 
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^Notice that the lamps fade or emit no light, affct fhe ammeter 
""beaming falls. Remove plug No. 5, and finally No. 7 and No. 9, 
changing the ahimeter wire from B to C alternately, and take 
current readings (amperes); 





' E R 

Lamps 

in Series 

* 

Current 

Amps. 

P. D. 

Volts 

c= R 

Ohms 

Ajiprox. 

1 

2 

(W50 

0-225 

0 150 
0-112 
0-090 

0 075 

220 

490 

980 

4 *• 

5 

6 


‘I960 

2450 

2940 


Draw a curve 


Lamps in Series 
Resistance 


(c) Lamps in parallel and in series. 

Vary the above by placing some lamps in series, others in 
parallel, and calculate (he resistance. , « 

Repeated Caution, if the main supply is usod: 

(1) Always remove plug No. 1 when using terminals A and C. 

(2) Always have benches, fittings and fingers absolutely dry. 

(3) Make certain that the connections are correct before switch¬ 
ing on the main current. . 

N.B. The chief difference between using the mairfSnpply and • 
a battery of cells is that the P. n. between the terminals remains 
constant (= N) i if the former ease, whereas, when a battery is used, 
jfee p. D. falls when current has passed for a shorter or a longer 
time according to R; then p. D. < E (see § 66). 
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